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INTRODUCTION 


DEFIXrriONS  AND  OENER^\X  CONSIDERATIONS 


BEAMS  AN1>  GIRDERS 

1.  Wooden  and  Steel  Beams. — The  best  material  for  a 
beam  depends  on  such  factors  as  the  type  of  structure,  the 
span,  and  the  loading.  Beams  of  short  span  are  sometimes 
made  of  timber  and  are  of  solid  rectangular  cross-section,  the 
same  cross-section  being  used  throughout  the  span.  This  is 
the  most  economical  form  when  light  beams  can  be  used.  The 
rectangular  cross-section  is  not  economical,  however,  when 
heavy  beams  are  required;  it  must  be  made  large  enough  to 
resist  the  maximum  bending  moment,  and,  as  this  occtirs  near 
the  center  of  the  span,  some  material  is  wasted  by  making  the 
cross-section  uniform,  since  no  section  between  the  center  and 
the  ends  has  to  withstand  so  great  a  stress  as  the  section  at  the 
center.  For  very  heavy  loads  and  long  spans,  it  is  more 
economkal,  when  beams  are  used  at  all,  to  use  steel  beams. 
On  account  of  the  danger  of  fire  and  the  frequent  cost  of  renewal 
attending  the  employment  of  timber,  steel  beams  are  now  almost 
exclusively  used  in  permanent  structures,  even  though  their 
original  cost  may  be  many  times  that  of  wooden  beams. 

2.  I  Beanis. — Where  the  bending  moment  is  compar- 
.    ively  small  and  a  low  value  of  the  section   modulus  is 
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suflficient,  rolled-steel  beams  of  uniform  cross-section  are 
used,  the  material  in  the  section  being  so  distributed  as  to 
give  a  comparatively  large  value  of  the  section  modulus  for  a 
given  amount  of  material.  Since  the  top  and  bottom  of  the 
^   „         beam  are  farthest  from  the  neutral  axis,  as  much 

^Top_F/ange 

material  as  possible  is  concentrated  in  these 
parts.  The  beam  whose  cross-section  is  shown 
in  Fig.  1  fulfills  this  condition,  and,  on  account 
of  its  form,  is  called  an  I  beam.  The  hori- 
zontal part  at  the  top  and  bottom  are  called 
the  flanges,  and  the  vertical  part  is  called 
the  web.  Standard  I  beams  are  rolled  in  vari- 
ous sizes  up  to  24  inches  in  depth.  Also,  special 
I-shaped  sections  having  wider  flanges  than  the  standard  beams 
and  depths  up  to  36  inches  are  manufactured  at  some  mills. 
Where  such  beams  do  not  provide  the  necessary  strength  to 
resist  the  bending  moment,  heavier  built-up  beams,  made  as 
explained  in  the  next  article,  are  used  to  advantage. 

3.  Plate  Girders. — The  name  plate  girder  is  given 
to  a  beam,  usually  of  steel,  that  has  the  same  general  form 
as  an  I  beam,  but  is  composed  of  several  pieces. 
The  cross-section  of  such  a  beam  is  shown  in 
Fig.  2.  The  vertical  part  consists  of  a  plate 
called  the  web;  while  the  top  and  bottom  parts, 
which  consist  of  plates  and  angles,  are  called 
the  flanges.  Plate  girders  are  generally  used 
for  spans  of  25  to  100  feet,  and  occasionally  for 
greater  lengths.  do^mfjange. 

The  span  of  a  plate  girder  is  the  horizontal  ^^o-  2 
distance  from  center  to  center  of  its  supports;  the  depth  is 
the  vertical  distance  between  the  outer  surfaces  of  the  angles 
that  form  a  part  of  the  flanges.  Experience  shows  that  the 
most  economical  plate  girder  has  a  depth  of  from  one-seventh 
to  one-eighth  of  the  span.  The  usual  practice  for  railroad  and 
highway  bridges  is  to  make  the  depth  one-eighth  to  one-tenth 
of  the  span,  although  the  depth  is  frequently  made  as  small 
as   one-twelfth.     These   latter   proportions   require   heavier 
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sections  than  the  former,  and  are,  therefore,  very  wasteful  of 
material.  For  spans  over  100  feet  in  length,  it  is  impossible 
to  g:et  sufficient  depth  for  an  economical  section,  and  the 
girder  is  so  heavy  that  it  is  difficult  to  handle.  For  these 
reasons,  plate  girders  are  unadaptable  to  spans  over  100  feet 
in  length,  except  under  special  conditions. 

4.  In  the  best  modem  practice,  the  top  and  bottom  flanges 
of  a  plate  girder  are  made  parallel  throughout  the  entire 
length  of  the  girder,  and  are  riveted  to  the  web.  The  section 
of  the  flange  is  decreased  from  the  center  toward  the  end, 
and  so  no  material  is  wasted,  as  the  flanges  at  any  point  are 
just  large  enough  to  resist  the  maximum  bending  moment 
that  can  occur  at  that  point.  In  the  past,  plate  girders  were 
built  with  curved  flanges.  The  curve  was  usually  made  a 
parabola,  and  the  flange  cross-section  was  constant  from 
end  to  end.  There  is  no  additional  economy  in  the  use  of 
girders  with  curved  or  inclined  flanges.  Conditions,  however, 
sometimes  require  that  the  ends  be  made  shallower  than  the 
center,  in  which  case  one  of  the  flanges  is  inclined  near  the 
end  of  the  girder.  The  web  of  a  plate  girder  is  very  thin  and 
requires  to  be  stiffened  at  intervals  with  angles  riveted  to 
the  sides  ot  the  web  to  prevent  it  from  buckling.  This 
subject  will  be  more  fully  treated  elsewhere. 

5.  I^attlce  Girder. — The  lattice  prlrcler  is  sometimes 
used  for  the  same  span  length  as  the  plate  girder,  and 
resembles  the  latter  in  that  it  has  flanges,  usually  parallel,  at 
the  top  and  bottom,  which  decrease  in  size  from  the  center 
toward  the  end  of  the  girder.  Instead  of  the  solid  web.  how- 
ever, there  is  an  open-web  system,  consisting  usually  of 
angles  running  diagonally  from  top  to  bottom  in  both  direc- 
tions, and  riveted  to  vertical  plates  that  project  from  between 
the  vertical  legs  of  the  flange  angles.  The  lattice  girder 
belongs  to  a  special  class  of  structures  called  trusses,  which 
are  designed  to  act  as  beams  for  any  span  length,  but  are 
most  frequently  and  economically  used  for  spans  over  100  feet 
in  length.  Lattice  girders,  however,  are  somewhat  used  for 
highway  bridges  for  spans  much  less  than  100  feet. 
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THE    TRUSS 

6.  Definition. — A  truss  may  be  defined  as  a  framework 
composed  of  straight  pieces,  called  members,  so  connected 
as  to  act,  to  a  great  extent,  as  a  rigid  structure.  Trusses, 
like  beams,  are  designed  to  support  loads. 

The  intersection  of  two  or  more  members,  where  they  are 
connected  or  joined  to  each  other,  is  called  a  joint. 

While  the  truss  as  a  whole  resists  the  effect  of  the  applied 
forces  in  much  the  same  manner  as  the  shear  and  the  bend- 
ing moment  are  resisted  by  a  solid  beam,  each  individual 
member  of  the  truss  is  subjected  only  to  direct  tensile  or 
compressive  stresses  in  the  direction  of  its  length.  In  order 
that  this  may  be  the  case,  the  applied  forces  are  resolved 
into  components  acting  at  the  joints  of  the  truss. 

The  simplest  form  of  truss  is  a  triangle,  and  any  truss  is 
merely  an  assemblage  of  connected  triangles.  As  the  tri- 
angle is  a  rigid  figure  whose  form  cannot  change  so  long  as 
the  length  of  each  of  its  sides  remains  the  same,  it  is  the 
primary  and  essential  element  of  the  truss. 

/   7.     Truss  Members. — The  upper  members  of  a  truss, 
such  as  BC,  CD,  etc.,   Fig.    3,  taken   together   form  the 


Fig.  3 

upper  chord  of  the  truss;  the  lower  members,  such  as  ah, 
be,  etc.,  taken  together  form  the  lower  chord.  The  other 
members  of  the  truss,  which  lie  between  and  connect  the 
upper  and  lower  chords,  are  called  web  members.  The 
end  web  members  a  B  and  Fg  are  called  end  posts.  The 
mtermediate  inclined  web  members,  such  as  Be  and  Cd,  are 
called  diagonals. 
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Panel,  Span,  and  Helarht. — A  panel  is  a  tub- 
vision  of  a  truss  between  two  consecutive  joints  in  a 
chord.  The  joints  are  often  called  the  panel  points. 
The  length  of  a  panel  is  called  the  panel  len^rth.  In 
Fig.  3,  the  points  b,  c,  d,  etc.  are  the  joints  or  panel  points, 
a  ^  is  the  panel  length,  and  the  truss  is  a  six-panel  truss. 
Usually,  the  panel  lengths  of  a  truss  are  equal. 

9.  The  8{>an  of  a  truss,  for  purposes  of  stress  computa- 
tion, is  to  be  taken  equal  to  the  horizontal  distance  between 
the  end  panel  points,  as  shown  in  Fig.  3. 

10.  The  height,  or  depth,  of  a  truss,  for  purposes  of 
stress  computation,  is  to  be  taken  equal  to  the  vertical  dis- 
tance between  the  joints  of  the  chords,  as  shown  in  Fig.  3. 

11.  The  three  dimensions  just  given — panel  length,  span 
length,  and  depth  of  truss — bear  a  relation  to  each  other 
that,  to  a  certain  extent,  decides  the  type  of  truss  to  be  used. 
Engineering  experience  has  shown  that  for  the  greatest 
economy  the  depth  of  truss  should  be  about  one-sixth  of  the 
length,  and  that  the  diagonal  web  members  should  make  an 
angle  with  the  vertical  of  about  40°.  The  panel  lengths  most 
frequently  used  lie  between  15  and  25  feet.  These  values 
need  not  be  strictly  adhered  to;  there  may  be  a  reasonable 
departure  from  them  without  seriously  increasing  the  cost  of 
the  truss.  From  the  span  length,  the  depth  and  panel  length 
arc  so  chosen  as  to  satisfy  the  economical  conditions  as  far 
as  possible. 

12.  Kinds  of  Trusses. — A  symmetrical  truss  is  a 
truss  that  can  be  cut  at  the  center  into  two  parts  exactly 
alike.  If  it  could  be  folded  at  the  center  on  itself  in  such  a 
manner  that  the  two  ends  would  come  together,  all  corre- 
sponding members  in  the  two  halves  of  the  truss  would 
coincide.     Nearly  all  trusses  are  symmetrical. 

18.     A  simple  truss,  like  a  simple  beam,  is  one  tha* 
supported  only  at  the  ends.     A  continuous  truss  and  a 
tllever  truss  are,  likewise,  similar  to  the  corresponding 
forms  of  beams. 
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14.  Parallel-chord  trusses  are  trusses  in  which  the 
upper  and  lower  chords  are  parallel.  In  these  trusses,  the 
panel   lengths    are  usually  equal  and   all  the  diagonal  web 


Fig.  4 

members    have    the    same  inclination  (see   Figs.  3  and  4). 
The  parallel-chord  truss  is  especially  adapted  to  short  spans. 

15.  In  Inclined-chord  trusses,  which  are  used  for 
long  spans,  the  depth  at  the  center  and  the  panel  length  are 
so  chosen  that  the  web  members  near  the  center  make  an 
angle  with  the  vertical  of  less  than  40°.  The  panels  are 
made  the  same  length  throughout  the  bridge,  but  the  depth 


Fig.  5 


of  the  truss  is  decreased  at  each  panel  point  from  the  center 
toward  the  end,  inclining  one  or  both  of  the  chords,  thereby 
making  the  web  members  slope  differently,  those  near  the 
end  making  an  angle  with  the  vertical  of  more  than  40°. 
This  saves  material  near  the  end  of  the  truss  by  shortening 
the  heavy  web  members,  and  at  the  same  time  allows  an 
economical  depth  to  be  used  at  the  center  of  the  truss. 


Fig.  6 


When  the  joints  of  the  chord  are  in  a  straight  inclined 
line,  the  chord  is  called  an  inclined  chord,  and  the  truss, 
an  Incliued-chord  truss.  When  the  joints  of  the  chord 
are  on  a  curve,  the  chord  is  called  a  curved  chord,  and  the 
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8,  a  carred -chord   trass.     The   chord   is   not   reall'^ 
curved,  the  members  being  straight  between  the  joints,  ons 
inclined  or  a  curved  chord  gives  a  graceful   outlir 
truss;  on  this  account  an  inclined-  or  a  carved-cho^^jjich  tht 

ted  to  each 

'.  an  accurately 

.t,  which  is  made 

the  ends  of  the 

_  ■*nient  method  of 

PiO.  7 

acts,  to  some 
preferable,  from  an  esthetic  standpoint,  to  a  ^j.  ^^  adjust 
truss.  Examples  of  inclined-  and  curved-chore^  bending 
shown  in  Figs.  5,  6,  and  7.  practically 

16.  Multiple-System  Trusses. — For  long  :t  its  site, 
chords  are  sometimes  made  parallel  and  the  diagstructure 
members  are  continued  across  two  or  more  panels,     'l  mini- 

,  this 
'road 
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of  this  kind  are  called  multiple-Intersection,  or  mul- 
tiple-system, trusses.  When  the  diagonals  extend  over 
two  panels,  the  truss  is  called  a  double-Intersection,  or 
double-system,  truss;  w^hen  the  diagonals  extend  over 
three  or  four  panels,  the  truss  is  called  a  triple-  or  quad- 
ruple-system truss,  and  also,  to  some  extent,  a  lattice 
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truss.    The   arrangement   has  also  been  used  in  trusses 
with  curved  and  inclined  chords. 

The  multiple-system  truss  allows  an  economical  choice  of 
both  the  center  depth  and  the  slope  of  the  diagonals,  with- 
out making  it  necessary  to  increase  the  length  of  panel. 
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Trusses  of  this  type  are  objectionable,  however,  because  the 
^t'^^'sses  cannot  be  found  directly  by  the  ordinary  conditions 
panel 


Examples  of  multiple-system  trusses  are 
members    have  i,  9,  and  10. 

The  Parallel-chr^j^^jj_p^^gj  Trusses.— Another  method  of 
15.  In  Iniomy  in  the  depth  at  the  center  and  in  the  slope 
long  spans,  t- 
so  chosen 
angle  with 
made  the. 

Fig.  u 

diagonals,  without  increasing  the  length  of  the  panel, 

subdivide  the    main   panels  of   the    truss   by  adding 

;ondary  verticals,  or  secondary  verticals  and  diagonals. 


Fig.  12 


This  arrangement  of  members  is  made  use  of  to  a  consid- 
erable extent  in  both  parallel-  and  curved-chord  trusses,  and 
is  very  satisfactory.     Any  truss  with  subdivided  panels  is 


Fig.  13 

called  a  subdivided-panel  truss.     Examples  of  this  type 
are  shown  in  Figs.  11,  12,  and  13. 

18.     The    term    girder    bridge,    or  truss    bridge,    io 

the  name  usually  applied  to  a  bridge  simply  resting  on  sup- 
ports at  the  same  level,  so  that  the  reactions  due  to  vertical 


I 


j^H  STRESSES  IN  BRIIX.E  TRUSSi:S.  PART  1  9 

■Mids  are  vertical.     This  distinguishes  the  truss  bridge  from 
Ihe  arch  and  the  suspension  bridge,  in  which  the  reactions 
are  not  venical. 

19.  Pln-connected  trusses  are  those  in  which  the 
several  members  that  meet  at  a  joint  are  connected  to  each 
other,  and  transmit  their  stresses,  by  means  of  an  accurately 
turned  pin,  somewhat  resembling  a  large  bolt,  which  is  made 
to  fit  very  closely  into  holes  drilled  through  the  ends  of  the 
members.  This  affords  a  simple  and  convenient  method  of 
connecting  the  members.  As  the  connection  acts,  to  some 
extent,  like  a  large  hinge,  it  allows  each  member  to  adjust 
itself  in  the  line  of  its  stress  without  developing  large  bending 
stresses.  In  this  type  of  truss,  each  member  is  practically 
finished  at  the  shop;  and,  in  erecting  the  bridge  at  its  site, 
the  members  are  assembled  and  connected,  and  the  structure 
completed,  in  the  shortest  possible  time  and  with  the  mini- 
mum amount  of  field  labor.  Owing  largely  to  this  fact,  this 
type  of  truss  was  formerly  used  for  many  highway  and  railroad 
bridges  of  fairly  long  span.  At  present  the  pin-connected 
truss  is  seldom  used  for  spans  imder  500  feet. 

20.  Riveted  trusses  are  those  in  which  the  several 
members  that  meet  at  a  joint  are  riveted  to  each  other,  and 
transmit  their  stresses  by  means  of  connecting  plates  called 
gwaaets,  to  which  all  the  members  at  the  joint  are  riveted. 
The  tendency  of  the  best  modem  practice  is  toward  such 
details  as  will  give  great  rigidity,  and  for  this  reason  the  riveted 
tn'is,  which  is  very  rigid,  is  coming  into  general  use  for  the 
shorter  spans  to  which  trusses  are  adapted.  It  is  used  for 
railroad  bridges  with  spans  from  100  to  500  feet  and  for  high- 
way bridges  with  spans  from  50  to  500  feet. 

21*     Line  of  Action  of  Stress  In  a  Truss  Member. 

*.  stress  in  each  member  of  a  truss  is  considered  to  act  in 

direct  line  between  the  centers  of  the  connections.     The 

nber  itself  should,  therefore,  be  straight,  and  the  connec- 

1%  at  its  extremities  should  be  as  nearly  as  possible  on  a 

e  ;:>as8tng  through  the  center  of  gravity  of  its  cross-section. 

\e  pins  in  a  pin-connected  truss  are  located  on  lines  passing 
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nearly  through  the  centers  of  gravity  of  the  members,  and 
the  stresses  are  therefore  all  direct  stresses.  There  is  some 
eccentricity  in  the  connections  of  a  riveted  truss,  due  to  the 
fact  that  the  members  are  connected  to  large  gusset  plates; 
and,  although  the  center  lines  of  all  the  members  at  any 
joint  intersect  in  the  same  point,  the  centers  of  the  connec- 
tions are  not  coincident;  this  causes  eccentric  stress. 

22.  Stress  Sheet. — For  all  purposes  relating  to  the 
investigation  of  the  stresses  in  the  members  of  a  truss,  each 
member  is  represented  by  a  straight  line  indicating  the  line^ 
of  action  of  its  stress.  A  stress  sheet  of  a  bridge  is  a 
skeleton  drawing  in  which  the  members  of  the  bridge  are 
shown  by  straight  lines,  which  occupy  positions  on  the  drawing 
corresponding  to  the  positions  of  the  members  in  the  bridge. 
On  the  stress  sheet  are  shown  the  arrangement  of  floor  and 
lateral  systems,  with  the  spacing  of  stringers  and  trusses; 
the  span  length,  number  of  panels,  panel  length,  and  depth 
of  truss;  the  lengths  of  diagonals;  the  assumed  dead,  live, 
and  wind  loads,  and  the  panel  loads  and  reactions  resulting 
therefrom;  and  the  maximum  and  minimum  stresses  in  each 
member  due  to  the  assumed  loads.  The  amount  of  material 
required  in  each  member,  and  the  different  parts  that  form 
the  cross-section  of  the  member,  are  sometimes  shown  on 
the  stress  sheet. 

TRUSS  AND  PliATE-GIRDER  BRIDGES 


MAIN    PART8 

23.  The  main  parts  of  a  truss  bridge  or  of  a  plate-girder 
bridge  are:   (1)  two  longitudinal  vertical  trusses  or  two-plate 
girders,  such  as  have  been  described  in  the  foregoing  artic^ 
(2)   di  floor  system;  (3)   o.  lateral  system. 

24.  The  Floor  System. — The  traffic  on  a  bridge  is  > 
ried  by  a  floor,  which  transfers  the  load  to  the  longituc'j'j^ 
trusses  or  girders  on  the  sides.     In  a  highway  bridge  ^p. 
floor  usually  consists  of  a  slab  that  rests  on  longit-  ^cal 


ft 
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l8t8,  or  Btrlngrers,  and  of  cross- girders  called  floor* 
beams,  which  support  the  stringers  and  transfer  the  load  to 
the  trusses  at  the  panel  points.  In  a  railroad  bridge,  the 
floor  usually  consists  of  wooden  rail  ties,  longitudinal  string- 
crs,  and  floorbeams.  In  some  truss  bridges,  the  floor  joists, 
or  the  ties,  rest  directly  on  the  chord  members,  thus  produ- 
cing bending  stresses  in  these  members  in  addition  to  the 
direct  stresses.  These  bending  stresses  must  be  separately 
computed  and  added  to  the  direct  stresses.  This  subject, 
however,  will  be  left  for  subsequent  treatment;  it  will  here 
be  assumed  that  the  floor  system  transfers  the  load  to  the 
trusses  at  the  joints,  and  that,  therefore,  the  load  acts  at  these 
points  only..  The  complete  analysis  of  a  bridge  includes  the 
analysis  of  the  stresses  in  the  various  parts  of  the  floor 
system,  as  well  as  in  the  members  of  the  trusses. 

25.  The  Lateral  System. — The  lateral  forces  acting 
on  a  bridge  are  resisted  by  lateral  trusses  lying  in  the  planes 
of  the  chords  and'connected  to  the  latter;  these  trusses  trans- 
mit all  lateral  forces  to  the  supports.  In  addition  to  this, 
there  are  transverse  braces,  or  frames,  at  each  panel  point, 
which  are  made  as  deep  as  the  conditions  will  allow.  The 
transverse  brace,  or  frame,  at  the  end  is  placed  in  the  plane 
of  the  end  posts  and  is  usually  called  the  portal  brace,  or 
simply  the  portal.  

CLASSIFICATION    OF    BRIDOEg 

26.  There  arc  several  ways  in  which  bridges  may  be 
classified.  One  of  the  most  common  is  to  classify  them 
according  to  the  position  of  the  floor  or  roadway  with  respect 
to  the  chords.  In  this  classification,  bridges  are  divided  into 
three  general  types,  namely:  through  bridges^  deck  bridges^  and 
ry^'-through  bridges. 

a  c'7.  ThrotiDTh  brtdg-cii  are  those  that  support  their  floors 
mooads  at  or  near  the  level  of  the  bottom  chord,  and  have 
uo&n  for  a  system  of  lateral  bracing  between  the  top  chords 
^^^  >tit  interfering  with  the  traffic.  The  loads  pass  between 
The  yusset,  or  through  tha  bridge.    Bridges  of  this  type 
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require  very  little  space  below  the  floor,  and,  therefore,  the 
locations  to  which  they  are  adapted  are  very  common. 
Where  trusses  are  of  such  a  height  that  vertical  transverse 
frames  may  be  put  in  between  the  web  members  above  the 
overhead  clearance  line,  they  are  sometimes  spoken  of  as 
high-truss  bridges. 

28.  Deck  bridges  are  those  that  support  their  floors  or 
loads  at  or  near  the  level  of  the  upper  chord.  In  bridges  of 
this  class,  all  portions  of  the  structure  are  entirely  below  the 
floor.  For  long  spans,  the  locations  to  which  they  are^ 
adapted  are  not  very  common.  Deck  bridges  are  more 
economical  than  any  other  type  of  bridge,  and  are  used 
wherever  conditions  permit. 

29.  The  chord  that  supports  the  floor  system  is  called 
the  loaded  chord;   the  other,  the  unloaded  chord.     In 

a  through  bridge,  the  loaded  chord  is  the  lower  chord;  in  a 
deck  bridge,  the  loaded  chord  is  the  upper  chord. 

30.  Half-through  bridges  are  those  that  support  their 
floors  or  loads  at  some  elevation  intermediate  between  the 
top  and  the  bottom  chord,  or  at  the  bottom  chord,  and  the 
trusses  of  which  are  not  deep  enough  to  allow  a  system  of 
overhead  bracing.  When  plate  girders  are  used,  such  a 
bridge  is  called  a  half-through  plate-girder  bridge.  When 
trusses  are  used,  such  a  bridge  is  called  a  lovr-truss,  or 
pony-truss,  bridge. 

31.  Bridges  are  also  spoken  of  as  plate-girder  bridges^ 
riveted-truss  bridges,  and  pin-connected  truss  bridges,  according 
to  the  type  of  beam  or  truss  that  supports  the  loads.  Bridges 
may  be  further  classified  according  to  the  style  of  truss, 
giving  two  general  classes;  namely,  parallel-chord  bridges 
and  inclined-chord  bridges.  Each  of  these  classes  may 
be  subdivided  into  single-system,  multiple-system,  and  sub- 
divided-panel  bridges,  as  explained  in  connection  with  trusses 


STRESSES  IN  BRIDGE  TRUSSES,  PART  1         13 


LOADS  AND  REACTIONS 


CLASSIFICATION  OF  LOADS 

32.  External    Forces    Acting    on    a    Bridge.— The 

external  forces  acting  on  a  bridge  consist  of:  (1)  the  weight 
of  the  structure  itself;  (2)  the  weight  of  whatever  the  struc- 
ture is  designed  to  support;  (3)  the  pressure  of  the  wind; 
and  (4)  the  reactions  of  the  abutments.  The  first  two  of 
these  classes  of  forces  are  called  loads.  In  addition  to  the 
forces  just  mentioned,  it  is  sometimes  necessary  to  consider 
other  applied  forces,  such  as  the  centrifugal  force  of  a  train 
moving  on  a  curved  track,  and  the  horizontal  force  caused  by 
moving  trains. 

33.  Kinds  of  Loads. — Loads  are  divided  into  two 
general  classes,  namely:  dead  loads  and  live  loads. 

The  dead  load  consists  of  the  weight  of  the  structure 
itself,  including  the  track  or  floor,  the  floor  system,  and  the 
girders  or  trusses.  It  is  the  force  of  gravity  acting  on 
every  part  of  the  structure,  and  is,  therefore,  actually 
applied  at  all  points.  The  weight  of  the  floor  system  '^ 
transferred  to  the  joints  of  the  loaded  chord  by  the  floor^ 
beams.  The  weight  of  the  truss  is  transferred  to  the  joints 
of  the  loaded  and  unloaded  chords  by  the  members  them- 
selves. Methods  of  estimating  in  advance  the  approximate 
weight  of  floor  systems  and  trusses  will  be  given  elsewhere. 
The  dead  load  is  usually  assumed  to  be  a  uniform  amount 
per  linear  foot  of  structure.  For  short  spans,  up  to  about 
125  feet,  the  direct  stresses  due  to  dead  load  are  found  by 
assuming  all  the  load  to  be  applied  at  the  joints  of  the  loaded 
chord.     For  longer  spans,  a  part  of  the  load,  usually  one- 

(third,  is  assumed  to  act  at  the  joints  of  the  unloaded  chord. 
pTbis  assumption  leads  to  results  that  are  very  close  to  the 
actual  stresses. 
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34.  The  live  load  is  the  load  due  to  the  traffic.  It  is 
therefore  a  moving  load,  and  is  often  so  called.  For  high- 
way bridges,  the  live  load  is  assumed  to  be  a  specified 
amount  per  square  foot,  uniformly  distributed  over  the 
roadway.  For  bridges  that  are  subject  to  the  passage  of 
heavy  loads  concentrated  on  wheels,  the  live  load  is 
assumed  to  be  a  certain  arrangement  of  concentrated  loads, 
or  wheel  loads,  which  may  be  taken  by  themselves  or  in 
connection  with  the  uniform  load.  For  railroad  bridges,  the 
live  load  usually  consists  of  a  system  of  concentrated  wheel 
loads  representing  a  type  of  locomotive,  or  of  certain  ' 
uniform  loads  that  will  give  an  approximately  equivalent 
eflEect.  The  calculation  of  stresses  due  to  uniform  and  to 
concentrated  loads  require  separate  consideration.  This 
subject  will  be  fully  treated  elsewhere.  The  amount  of  live 
load  that  a  bridge  is  designed  to  clrry  is  sometimes  called 
the  capacity  of  the  bridge. 

35.  Wind  Pressure. — The  wind  pressure,  sometimes 
called  the  wind  load,  is  the  force  exerted  by  the  wind  on 
all  surfaces  exposed  to  it.  These  surfaces  consist  of  the 
sides  of  the  members  and  the  exposed  surfaces  of  the  moving 
loads  that  cross  the  structure.  In  highway  bridges,  the  sur- 
face ot'  the  loads  is  usually  very  small  compared  to  ths 
exposed  surface  of  the  bridge.     In  railroad  bridges,  it  is' 

.ecessary  to  consider  the  pressure  of  the  wmd  agamst  the 
side  of  a  train,  in  addition  to  the  pressure  against  the  exposed 
surface  of  the  structure.  It  is  customary  to  assume  the  wind 
pressure  as  a  uniformly  distributed  force,  and  express  it  in 
pounds  per  square  foot  of  exposed  surface,  or  in  pounds  per 
linear  foot  of  the  loaded  or  unloaded  chord. 

36.  Centrifugal  Force. — The  centrifugal  force  con- 
sidered in  bridges  is  the  pressure  exerted  by  a  train  of  cars 
moving  on  a  curved  track;  it  acts  radially  outwards,  and  is 
transferred  by  the  floor  system  to  the  joints  of  the  loaded 
chord.  It  is  usually  expressed  as  a  percentage  of  the  live 
load  and  depends  on  the  degree  of  curvature  of  the  track,  ard 
on  the  weight  and  speed  of  the  train. 


lb 
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The  lonfcltudtnal  thrust  is  the  force  exerted  on  a 
structure  by  a  train  of  cars  crossing  the  structure  while  the 
brakes  are  set.  This  force  is  a  maximum  when  the  brakes 
are  set  hard  enough  to  prevent  the  wheels  from  turning,  in 
which  case  they  slide  on  the  rails. 

The  tractive  force  is  the  force  exerted  on  a  structure  by 
the  friction  of  the  driving  wheels  of  a  locomotive  drawing  a 
train  of  cars;  it  is  usually  less  than  the  longitudinal  ih'ust. 
and  may  be  neglected  if  the  latter  is  taken  into  consiJ-ration. 


PANEL.  LOADS 

38.  Definition. — The  amount  of  load  that  is  transferred 
to  a  joint  of  the  loaded  chord  is  called  a  panel  load,  or 
panel  concentration. 

39.  Dead  Panel  Loads  — As  the  weight  of  the  floor 
system  is  a  large  part  of  th^  dead  load,  the  dead  panel  loads 
of  the  loaded  chord  are  larger  than  those  of  the  unloaded 
chord.  If  all  the  dead  load  were  considered  as  applied  along 
the  loaded  chord,  each  panel  load  would  equal  the  uniform 
load  per  linear  foot  multiplied  by  the  length  of  one  panel 
and  divided  by  2  (there  being  two  trusses  to  the  bridge). 
It  is  convenient  to  compute  first  this  panel  load,  and  then,  if 
considered  necessary,  assume  an  approximate  distribution  of 
it  between  tne  loaded  and  the  unloaded  chord,  as  explained 
in  Art.  42. 

40.  IJve  Panel  Loads. — All  the  live  load  is  applied 
Along  the  loaded  chord.  In  highway  bridges,  the  load  per 
linear  fool  is  equal  to  the  specified  load  per  square  foot  on 
the  floor,  multiplied  by  the  clear  width  of  the  roadway,  plus 
a  like  product  for  the  sidewalks,  if  any.  The  panel  load  is 
then  equal  to  one-half  this  total  uniform  load  multiplied  by  n 

ipanel  length.  Some  highway  bridges  have  only  one  side- 
walk,  which  is  sometimes  supported  outside  of  the  truss. 
In  this  case,  the  load  on  and  stresses  in  each  truss  must  be 
computed  separately.  In  railway  bridges,  if  the  load  is  a 
uniform  load  per  linear  foot,  the  panel  load  is  found  «is  just 
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stated;  if  it  consists  of  a  series  of  wheel  loads,  the  panel 
loads  will  vary  in  amount.  The  treatment  of  this  class  of 
]oads  is  considered  in  a  subsequent  Section. 

41.  Wind  Panel  L-oad. — The  wind  pressure  per  linear 
foot,  assumed  or  computed  for  either  chord,  multiplied  by 
the  panel  length  gives  the  wind  panel  load  for  that  chord. 

42.  Illustrative    Example. — As    an    example,    let    a 
through  highway  bridge,  such  as  is  shown  in  Fig.  14,  con- 
tain seven  equal  panels,  each  20  feet  long,  and  have  a  clear 
width  of  roadway  of  16  feet.     Suppose  the  dead  load  to  be' 
600  pounds  per  linear  foot,  and  the  live  load  to  be  100  pounds 


Fig.  14 


per  square  foot  of  roadway.    The  dead  panel  load  will  then  be 
600  X  20 


=  6.000  pounds 


and  the  live  panel  load, 

100  X  16  X  20 


=  16,000  pounds 


Assuming  all  the  dead  load  to  be  applied  at  the  joints  of 
the  loaded  chord,  each  of  the  joints  b,  c,  d,  <?,  /,  and  g  will  be 
loaded  with  6,000  pounds  dead  load;  while,  if  the  bridge 
sustains  a  live  load  throughout  its  length,  each  of  the  joints 
will  also  have  a  load  of  16,000  pounds.  At  the  points  a 
and  hy  there  is  a  half-panel  load  consisting  of  3,000  pounds 
dead  load  and  8,000  pounds  live  load.  These  half-panel 
loads  are  carried  directly  by  the  supports  and  do  not  affect 
the  trusses,  and  hence  can  be  omitted  in  the  calculation  of 
stresses.  A  seven-panel  truss  would  thus  be  considered  as 
loaded  with  six  intermediate  panel  loads;  a  six-panel  truss 
would  likewise  have  five  intermediate  panel  loads;  etc.  If  it 
is  desired  to  distribute  the  dead  load  between  the  lower  and 
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the  upper  chord,  one-third  of  the  load,  or  2,000  pounds,  may 
be  assumed  as  acting  at  each  of  the  upper  joints,  and 
4,000  pounds  at  each  of  the  lower  joints,  except  at  a  and  A, 
each  of  which  would  still  carry  the  half-panel  load  o* 
3,000  pounds.  

EXAMPLES    KOR    PRACTICE 

1.  A  bridge  99  feet  loog   is  designed  to  sustain  a  live  load  of 

100  pounds  per  square  foot  on  a  roadway  16  feet  wide,  clear  widtlK 

The  trusses  bre  divided  into  6  panels.     What  is:  (a)  the  live  load  per 

linear  foot?  (*)  the  panel  live  load?  .„,  f  (a)  1,600  lb. 

Ans.j^^j  13,200  1b. 

2.  An  eight-panel  bridge  of  120  feet  span  carries  a  roadway  18  feet 

wide,  clear  width.     The  live  load  assumed  for  the  trusses  is  96  pounds 

per  square  foot  of  roadway.     What  is:  (a)  the  live  load  per  linear  foot? 

(*)  the  panel  live  load?  a_.  /(a)     1.728  lb. 

'^"^U*)   12,960  1b. 

3.  If  for  the  bridge  of  example  2  the  wind  load  per  linear  foot  is 
assumed  as  300  pounds  for  the  lower  chord  and  150  pounds  for  the 
upper  chord,  what  is  the  panel  wind  load:  (a)  for  the  lower  chord? 
(d)  for  the  upper  chord?  a __  /  (a)  4,600  lb. 

^^■•\(*)  2.250  1b. 

4.  Suppose,  for  the  bridge  described  in  example  2,  that  the  dead 
load  is  assumed  to  be  760  pounds  per  linear  foot.  What  will  the  panel 
dead  load  be?  Ant.  6,700  lb. 

REACTIONS 

43.  In  all  bridge  trusses,  one  end  is  free  to  move  hori- 
zontally in  a  longitudinal  direction,  so  that  the  reactions 
due  to  the  dead  and  live  loads  will  be  vertical.  The  effect 
of  wind  pressure  and  other  horizontal  forces  will  receive 
separate  consideration. 

44.  Dead-Ix>ad  Reactions.  By  the  principles  of 
statics,  the  reactions  exerted  by  the  supports  must  hold  in 
equilibrium  the  applied  loads.  Let  Fig.  15  represent  any 
truss  acted  on  by  the  panel  loads  iV  as  shown.  Let  ^,  and  R, 
be  the  reactions.  The  loads  and  reactions  together  com- 
prise all  the  external  forces  acting  on  the  structure,  and  any 
of  the  conditions  of  equilibrinm  may  be  applied  to  these 
forces.  The  object  being  to  determine  the  values  of  the 
reactions  ^,  snd  ^„  it  will  be  convenient  to  take  momenta 
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of  the  forces  about  the  point  f.     The   following  equation 

therefore  obtains: 

IM.  =  R,  X  100  -  W^  80  -  W^X60  -  PFx  40  -  Wy.  20  =  0 


whence 


100 


In  like  manner,  by  taking  moments  about  a,  the  reaction^. 


Fig.  15 

is  found  to  be  2  W.     Or,  by  putting  the  sum  of  the  vertical 
forces  equal  to  zero, 

R,-MV  -f  R,  =  0; 
whence,  as  before, 

R,  =  AW-  R,  =  MV-IW  =1W 
In  this  case,  where  the  load  is  symmetrical,  it  is  evidently 
unnecessary  to  write  out  these  equations,  since  the  reactions 
must  be  equal,  and  each  must  be  equal  to  one-half  the  total 
load,  or  to  2  W. 

45.  Live-tioad  Reactions. — If  the  truss  is  only  partly 
loaded,  as  in  Fig.  16,  the  reactions  are  not  equal,  and  it  is 
necessary  to  calculate  them  by  applying  the  principles  of 
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Fig.  16 


Statics  as  just  stated.     In  the  truss  shown,  with  /  as  a  center 

of  moments,  we  have 

2"i^/  =  i?.  X  100  -  /^  X  60  -  Z'  X  40  -  P  X  20  =  0;  (1) 


whence 


R^  =  ^X_^^Q  =  1.2  P 


100 

Also,  Rr-\-  R,-ZP  =  0; 

whence       R,  ==  ZP -  R,  =  BP -  1.2  P 


1.8  P 
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This  method  of  calculation  is  perfectly  general  and  applies 
as  well  when  the  panel  loads  or  panel  lengths  are  unequal. 

4G.  Where  the  panel  lengths  are  equal,  as  is  usually  the 
case,  the  reactions  for  a  partial  load,  as  in  Fig.  16,  can  be 
found  more  readily  by  writing  equation  (1),  Art.  45,  in  a 
little  different  form.  Taking  the  panel  length  as  the  unit  of 
length,  and  changing  the  order  of  arrangement,  we  have 

i?,  X6-/»X1-/*X2-/'X3  =  0; 
whence  /?.  X5  =  1P+2P+ZP 

and  y?.  =  iP-\-lP-\-lP 

Thus,  it  is  seen  that  the  left  reaction  is  equal  to  one-fifth 
the  load  at  r,  plus  two-fifths  the  load  at  d,  plus  three-fifths 
the  load  at  c.  This  statement  can  be  written  at  once  by 
inspection:  for,  as  regards  the  load  at  e,  it  is  known,  from 
the  principle  of  moments,  that  one-fifth  will  be  carried  by  the 
left  support,  and  four-fifths  by  the  right;  likewise,  two-fifths 
of  the  load  at  d  will  be  carried  at  a  and  three-fifths  at  /,  etc. 
This  method  of  getting  reactions  for  partial  loads,  when 
the  Panel  lengths  are  equal,  is  very  convenient  and  will  be 
frequently  employed  hereafter. 

ExAMPLK. — (o)  Assuming^  the  truss  shown  in  Fijf.  17  to  be  loaded, 
at  each  of  the  lower  chord  joints  with  a  load  of  6,000  pounds,  to  cal- 


culate the  reactions,    {b)  Assuming  the  joints  d,  e,  and  /  only,  to  be 
loAded  with  a  load  of  6,000  pounds  each,  to  calculate  the  reactions. 

SoLirnoN.— (a)  In  this  case,  the  load  is  symmetrical;  therefore, 

/?,-/?,-  ^^^'^^  .  12.600  lb.    Ans. 

(b)    Taking  moments  atK>ut  g, 

^.  X  6  -  6,000  X  1  -  6,000  X  2  -  6,000  X  8  -  0; 
whence 

^    .  6.000Xl-t-»,OOOX2+l>.OrOX»  .  J  ^  „     ^„ 
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Taking  moments  about  a 

-  i?,  X  6  +  5,000  X  3  +  5,000  X  4  +  5,000  X  5  -  0; 
whence 

^^^  5,000X3  +  5.000X4  +  5.000X5  ^^QQQQ^^^     ^^^ 
6 


EXAMPLES    FOR    PRACTICE 

1.  If  the  truss  shown  in  Fig.  17  carries  a  panel  load  of  6,000  pounds 
at  each  of  the  lower  chord  joints,  what  are  the  two  reactions? 

.        f  >?,  =  15,000  lb. 
"^°^-17?»  =  15.000  1b. 

2,  If  the  truss  shown  in  Fig.  17  carries  a  panel  load  of  6,000  pounds' 
at  each  of  the  joints  d,  c,  and  d,  what  are  the  two  reactions? 

-     r/?.  =  12,000  lb. 

^°^l>e,  =    6,000  1b. 

SHEARS  AND  MOMENTS 


MAXIMUM  MOMENTS  AND  SHEARS  IN  BEAMS 


BENDING    MOMENTS 

47.  It  is  desirable  here  to  review  some  of  the  principles 
previously  explained  in  connection  with  shears  and  moments  in 
beams,  and  to  add  sufficient  further  discussion  to  make  com- 
plete the  analysis  of  maximtim  moments  and  shears  in  simple 
beams  and  trusses  for  fixed  and  for  moving  tmiform  loads. 
In  designing  a  beam,  it  is  necessary  to  know  the  maximum 
bending  moments  and  the  maximum  shears  at  various  sec- 
tions. From  the  former,  the  flange  or  fiber  stresses  are  found; 
and  from  the  latter,  the  shearing  or  web  stresses.  It  will  be 
sufficient  here  to  deal  with  this  subject  in  a  general  manner, 
stating  the  fundamental  principles.  The  application  of  these 
principles  to  the  calculation  of  the  actual  flange  and  web 
stresses  will  be  taken  up  in  connection  with  design,  where 
it  can  be  more  conveniently  treated. 

48.  Bending  Moments  Due  to  a  Uniform  Dead  Load. 

To  calculate  the  bending  moment  at  any  section  of  a  beam,  it 
is  merely  necessary  to  determine  the  algebraic  sum  of  the 
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moments  of  all  the  external  forces  to  the  left  or  ris:ht  of  the 
section  about  the  neutral  axis  of  the  section.  In  Fig.  18  (a;, 
/I  B  is  SL  beam  of  length  /,  loaded  with  a  uniform  load  of 


u/  units  of  weight  per  unit  of  length.     The  total  load  is  u/ 1, 


and  each  reaction  is  equal  to 


The  bending  moment  M' 


at  any  section  ^,  distant  x  from  the  left  end,  is  given  by 
the  formula 


M'  =  RxX  —  It/  XX 


r 


or,  substituting  the  value  of  ^i,  and  factoring, 


M' 


v/ 


U-x)x 


(1) 


This  moment  is  a  maximum  at  the  center,  where  its  value 
is  given  by  the  formula 

rt/r 


Max.  Af'  = 


I 


8 


(2) 


The  bending  moments  at  all  points  of  the  beam  due  to 
this  uniform  load  are  represented  graphically  in  Fig.  18  (^) 
by  the  moment  curve  add,  which  is  a  parabola  and  shows 
,  bow  the  moment  varies  along  the  beam. 


I 


^ 


49.     BendlDiir  Moment  Due  to  a  Uniform  Live  Load. 

The  maximum  bending  moment  at  any  section  of  a  simple 
beam,  caused  by  a  uniform  live  load,  will  occur  when  the 
load  extends  entirely  across  the  span.  The  beam  being 
Inlly  loaded  for  maximum  moments,  these  moments  will  be 
given  by  formula  1  of  the  preceding  article,  except  that  «• 
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should  be  replaced  by  the  live  load  w"  per  unit  of  length. 
If,  -therefore,  the  maximum  live-load  moment  at  the  point  q 
is  denoted  by  M" ,  then 

M"=^'^^{l-x)x  (1) 

From  the  preceding  article, 

Dividing  the  first  by  the  second  of  these  two  equations, 
the  result  is 

Ml  =  ^L 

M'        w'' 

whence  M"  =  M'X^  (2) 

w' 

When,  therefore,  the  dead-load  moment  at  any  section  ot 
the  beam  has  been  determined,  the  maximum  live-load 
moment  at  the  same  section  is  obtained  by  multiplying  the 

dead-load  moment  by  the  ratio  — -  of  the  live  load  per  unit 

w' 

of  length  to  the  dead  load  per  unit  of  length. 

If  the  total  or  resultant  bending  moment  at  g  is  denoted 
by  My  then 

M  =  M'  -\-M"\ 
or,  substituting  the  values  of  M'  and  M"y 

■       j^^wL±^i^i_^)^         (3) 

Example. — A  beam  40  feet  long  supports  a  dead  load  of  500  pounds 
per  foot  and  a  live  load  of  1,800  pounds  per  foot.  What  are  the  dead- 
load  and  maximum  live-load  bending  moments  at  points  10  feet  apart 
along  the  beam? 

Solution. — The  moments  will  be  found  by  means  of  formula  1, 
Art.  48,  and  formula  2,  Art.  49.  Here,  /  =  40,  ze/  =  500  lb., 
iv"  =  1,800  lb.,    and 

w"  _  1,800  _  _  - 

W  ~   WO  ~'^-^ 

The  values  of  x  for  the  several  points  are  0,  10,  20,  30,  and  40.  The 

moments,  in  foot-pounds,  are  as  follows: 

For  ^  =  0,  ^  =  — ^  (40  -  0)  0  =  0,  M"  =  0. 

For  ;r  =  10.  iT/*  -  250  (40  -  10)  10  =  75,000,  M"  -  75,000  X  3.6 
-  270,000. 


I 
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Pot  ;r  -  20.  AT  -  250(40  ~  20)20  -  100,000.  M»  -  100,000  X  36 

-  SdO.OOO. 

For  jr  -  30.  ^  -  250  (40  -  30)  30  -  75,000.   M"  -  76,000  X  3.6 

-  270.000. 

For  X  -  40,  iir  -  250  (40  -  40)  40  -  0,  iV"  -  0. 


EXAMPLES    FOR    PRACTICE 

1.  A  beam  100  feet  long  supports  a  dead  load  of  600  ponndi  per 
foot.  What  is  the  dead-load  moment:  (a)  at  the  center?  {,b)  at  a 
point  75  feet  from  the  left  end?  a„.  /  (a)  750,000  ft. -lb. 


Ans. 


\b)  662.500  ft.-lb. 


3.  A  beam  40  feet  long  supports  a  live  load  of  750  pounds  per  foot. 
What  is  the  live-load  moment  at  a  point:  (a)  10  feet  from  the  left 
support?    (6)  20  feet?    (c)  30  feet?  f(a)  112,500  ft.-ltv 


Ans.{  (6)  150.000  ft.-lb. 
112,500  ft.-lb. 

S.  A  beam  80  feet  long  supports  a  dead  load  of  450  pounds  per 
foot  and  a  live  load  of  1,200  pounds  per  foot.  What  is:  (a)  the  dead- 
load  bending  moment,  and  (6)  the  live-load  bending  moment  at  a 
point  30  feet  from  the  left  support?  .„.  /(a)  337,500  ft.-lb. 

•^•'Kd)  900,000  ft.-lb. 

4.  In  example  3.  what  is  the  total  bending  moment  at  the  center 
of  the  beam?  Ans.  1,320,000  ft.-lb. 


SHEARS 

50.  Shear  and  Its  61sr»' — The  shear  at  any  section  of 
a  beam  is  defined  as  the  sum  of  all  the  vertical  forces  acting 
on  the  beam  to  the  left  or  right  of  the  section.     The  correct 


PtO.  19 


ign  will  be  given  by  considering  the  forces  on  the  left  and 
taking  upward  forces  as  positive  and  downward  forces  as 
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negative.  If  the  load  is  a  uniform  load  w  per  unit  of  length 
Fig.  19  (a),  the  shear  at  any  point  whose  distance  from  the 
left  end  is  x  is  given  by  the  formula 

V  =  Ki.  —  w  X  =  — wx 

At  the  left  end  of  the  beam,  where  ;c  =  0,  the  shear  is 
equal  to  i?i,  or  — ;  at  the  center,  where  x  =  ■-,  the  shear 

*w  I 

is  0;  and  at  the  right  end,  where  x  =  I,  the  shear  is --,  or 

A 

—  R,.  The  shear  diagram  for  dead  load  is  shown  in 
Fig.  19  {b). 

It  is  to  be  noted  that  the  shears  on  the  right  of  the  center 
are  negative,  and  those  on  the  left  are  positive,  but  that  for 
two  points  equidistant  from  the  center  the  shears  are  of  the 
same  numerical  value. 

51.  The  meaning  of  positive  and  negative  shears  will  be 
made  clearer  by  a  study  of  Fig.  20,  which  shows  how  the 

y  forces  acting  tend  to 

shear  the  beam  at  any 
7///////////////////////^^^^  eiven  section    Positive 

Pas/f/Vs  Shear  y      , 

'  shear  at   any  section  g 

occurs  when  the  exter- 
nal forces  tend  to  move 
e^a /ye     ear        j  ^^  left-hand  portion 

^'°-  *  upwards  and  the  right- 

hand  portion  downwards;  negative  shear  occurs  when  the  exter- 
nal forces  tend  to  move  the  left-hand  portion  downwards  and 
the  right-hand  portion  upwards. 

52.  lilre-Ijoad  Shears. — In  order  to  arrive  at  a  general 
rule  for  determining  the  maximum  live-load  shear  at  any 
section  of  a  beam,  it  will  be  convenient  to  consider  first  the 
effect  of  a  single  load  W,  Fig.  21,  placed  anywhere  on  the 
beam.  Let  q  be  the  section  at  which  the  shear  is  required. 
Considering  the  weight  W^ first  at  any  point  on  the  right  of  the 
section,  it  is  seen  that  the  only  external  force  acting  on  the 
left  of  the  section  will  be  the  reaction.  The  shear  at  the  sec- 
tion will  then  be  equal  to  this  reaction,  and  will  he  positive. 


y////////////////^ 


yA^////////////////////^^^^^ 


¥ 


w/MWMy/y^/M 
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If  the  load  IV  is  placed  anywhere  to  the  U/i  of  the  section, 
the  shear  will  be  equal  to  the  left  reaction  minus  the  load  JV; 
and,  as  the  reaction  is  always  less  than  the  load,  the  resultant 
of  the  reaction  and  the  load  will  act  downwards,  and  the  shear 
will  be  negative. 

It  is  thus  seen  that  a  load  placed  anywhere  on  the  right  of  a 
section  will  cause  positive  shear  in  that  section,  and  if  placed 

I      r 

Fio.  n  . 

anywhere  on  the  left  of  the  section,  it  will  cause  negative 
shear.  From  this  it  follows  that,  if  a  number  of  loads  is 
to  be  placed  on  a  beam  so  as  to  cause  the  maximum  posi- 
tive shear  at  a  given  section,  as  many  loads  as  possible 
should  be  placed  on  the  right  of  the  section,  and  none  on  the 
left.  For  maximum  negative  shear,  the  reverse  would  be 
true.  If  the  given  load  is  a  unifortn  live  load,  the  maximum 
positive  shear  at  any  section  obtains  when  the  beam  is  loaded 
on  the  right  of  the  section  only,  and  the  maximum  negative 
shear,  when  the  beam  is  loaded  on  the  left. 

63.     Applying    the    rule   just    given   to   any  beam  A  B, 
Fig.  22  (a),  the  maximum  positive  live-load  shear  at  any 


^(Wm) 


section  g,  distant  x  from  the  left  end,  due  to  a  uniform  load 
of  w"  per  unit  of  length,  obtains  when  the  load  covers  all  the 
part  of  che  beam  to  the  right  of  q.  The  shear,  which  will  be 
denoted  by  V",  will  be  equal  to  the  lef<:  reaction.    Taking 
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moments  about  B,  and  noting  that  the  total  load  on  the  beam 

is  equal  to  w"{l  —  x)^  and  that  its  lever  arm  about  B  is 

I  —  X 
equal  to ,  the  following  equation  obtains: 


whence 


R.  = X^-^  =  "f.U-xV 


I  21 

As  the  maximum  live-load  shear  is  equal  to  R^,  then 

If  the  load  covers  the  whole  beam,  x  =  0^  and 
w"  I'       w"l 


V"  = 


2/ 


If  the  load  covers  half  the  beam,  ;ir  =  -,  and,  therefore, 

It 


Vn  -  ^"il  _  i\  -  V^l^\  -  ^'  X  ^  - 
^    ~  27V        2/    -  2/U/    ~  2/>^4  ~ 


w"  I 


In  Fig.  22  {b),  the  ordinates  to  the  curve  cb  represent  the 
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maximum  positive  shears  in  the  beam  at  all  points,  obtained 
by  giving  to  x  values  between  /  and  0.  This  curve  is  a 
parabola  with  its  vertex  at  b,  and  may  be  constructed  by 
various  methods  described  elsewhere. 

54.  The  maximimi  live-load  negative  shear  at  any  point 
in  the  beam  will  occur  when  the  beam  is  loaded  on  the  left 
of  that  point,  as  shown  in  Fig.  23  (a).  The  maximum  shear 
at  section  q  will  equal  the  left  reaction  minus  the  load  w"  x 
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The  left  reaction  Rx  is  found  by  taking  moments,  as  before, 
about  the  point  B: 


■"['-t) 


D     „    \ tL   wm  w"  X  — 

I  2/ 

and  the  maximum  nes^ative  shear  is 

V"  =  R.-v/'x  =  -^^ 

This  value  is  equal  to  the  right  reaction,  and  might  have 
been  found  by  taking  moments  about  A,  without  previously 
computing  R^.  Fig.  23  {b)  shows  the  shear  diagram  for 
negative  shears. 

By  examining  the  values  of  the  negative  shears,  begin- 
ning at  the  right  end  and  passing  toward  the  left,  it  will 
be  observed  that  the  maximum  positive  shear  at  any  point 
is  numerically  equal  to  the  maximum  negative  shear  at  a 
point  in  the  opposite  end  of  the  beam  equidistant  from  the 
center. 

65.  Illustrative  Example. — Let  it  be  required  to 
determine  the  dead-load  shears  at  sections  5  feet  apart  in  a 
beam  60  feet  long,  Fig.  24.     Let  the  dead  load  be  400  pounds 

mhtd»t9hiihlm 


60'  Jm^ 

rio.M 

(=  w*)  per    linear   foot,   and    the   live   load    1,200   pounds 
( «  Tv")  per  linear  foot. 
\.    Dead- Load  Shears. — The  reactions  arc  each  equal  to 

^^^^  -  12.000  pounds 

The  shears  will  be  found  by  the  formula  of  Art.  50,  sub- 
stituting v/,  or  400,  for  w. 

At  a.  x  -  0,  and  K'  »  ^,  -  -I-  12.000  pounds. 

At  *,  jc  -  6,  and  V  -  12,00(J  -  400  X  6  -  +  10,000 
pounds. 

At  r.  ;r  -  10,  and  V  -  12,000  -  400  X  10  -  +  8.000 
pounds 


28 


STRESSES  IN  BRIDGE  TRUSSES,  PART  1 


In  like  manner,  the  shear  for  each  of  the  other  given 
sections  is  found.  The  results  are  given  in  the  second 
column  of  the  accompanying  table. 

TABLE    OF    SHEARS 


I 

2 

3 

4 

5 

6 

Dead-Load 
Shear 

Maximum  Live-Load 
Shear 

Combined  Shear 

Section 

Positive 

Negative 

Dead -Load 
and  Maximum 
Positive  Live- 
Load  Shear 

Dead-Load 
and  Maximum 
Negative  Live- 
Load  Shear 

a 
b 
c 

d 
e 

f 

g  (center) 
h 
i 

j 
k 
I 
m 

+  I2,000 
+  I0,000 

+  8,ooo 
+  6,ooo 
+  4,ooo 

+    2,000 
0 

—  2,000 

—  4,ooo 

—  6,ooo 

—  8,ooo 

—  1 0,000 

—  I2,000 

+  36,000 
+  30,250 
+  25,000 
+  20,250 
+  16,000 
+  12,250 
+    9,000 
+   6,250 
+    4,000 
+    2,250 
+    1,000 
+        250 
0 

0 

—  250 

—  1 ,000 

—  2,250 

—  4,000 

—  6,250 

—  9,000 

—  12,250 

—  16,000 

—  20,250 

—  25,000 
-30,250 

—  36,000 

+  48,000 
+40,250 
+  33.000 
+26,250 
+  20,000 
+  14,250 
+    9,000 
+    4,250 
0 

-  3,750 

—  7,000 

-  9.750 

—  12,000 

+  12,000 
+   9,750 
+    7,000 
+   3,750 
0 

—  4,250 

—  9,000 
-14,250 

—  20,000 

—  26,250 
-33,000 
-40,250 

—  48,000 

It  is  to  be  noted  that  the  shears  beyond^,  the  center  section, 
may  be  written  out  at  once  from  the  values  to  the  left  of  this 
section. 

2.  Live-Load  Shears. — The  maximum  positive  live-load 
shears  are  obtained  from  the  formula  of  Art.  53.  At  a, 
where  x  =  0, 

1,200  X  60 


V"  =  7?.  = 
At  ^,  ;r  =  5,  and 


V"  = 


1,200 


2X60 
Kt  c,  X  =  10,  and 
1,200 


=  +  36,000  pounds 


(60  -  5)*  =  +  30,250  pounds 


^"  =  o^5^n  (60  -  10)'  =  +  25,000  pounds 
^  X  oU 
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And  so  on.  These  shears  are  given  in  the  third  column  of 
the  above  table.  The  maximum  negative  live-load  shears  are 
found  in  like  manner,  by  the  use  of  the  formula  in  Art.  54. 
rhe  fifth  and  the  sixth  column  of  the  table  contain  the 
combined  shears,  found  as  explained  below. 

3.  Combined  Shears. — Since  the  dead  load  is  always 
present,  the  maximum  total  shear  at  any  section  of  the  beam 
will  be  found  by  combining  the  dead-load  snear  with  one 
or  the  other  of  the  maximum  live-load  shears.  Combining 
with  the  maximum  positive  shears,  the  fifth  column  of  the 
preceding  table  is  obtained;  while  the  sixth  column  is 
obtained  by  combining  the  dead-load  shears  with  the  maxi- 
mum negative  live-load  shears.  By  comparing  these  two 
columns,  it  will  be  noticed  that,  for  sections  to  the  left  of  the 
center,  the  maximum  shears  are  the  positive  shears  of  col- 
umn 5;  while  to  the  right  of  the  center  they  are  the  negative 
shears  of  column  6.  For  two  sections  equidistant  from  the 
center,  the  maximum  shears  are  numerically  equal. 

It  is  to  be  further  noted  that  in  column  5  there  is  a  small 
positive  shear  at  the  sections  h,  zero  shear  at  /,  and  negative 
shears  beyond.  These  negative  shears,  which  are  smaller 
than  the  dead-load  shears,  are  equal  to  the  difference 
between  the  dead-load  negative  and  the  live-load  positive 
shears.  They  are  in  fact  the  least  negative  shears  that  can 
occur  in  the  beam.  In  the  same  way,  column  6  gives,  in  the 
upper  part,  the  least  positive  shears  down  as  far  as  ^,  then 
the  maximum  negative  shears  for  the  remainder  of  the 
beam.  Taking  the  two  columns  together,  the  greatest  range 
of  shear  is  obtained  that  can  possibly  occur  in  the  beam  at 
the  several  sections  for  any  positions  of  the  live  load.  Thus, 
at  section  <z,  the  shear  may  be  as  high  as  +  48,000  and  as  low 
as  -f  12.000;  at  b,  the  limits  are  -I-  40,250  and  +  9,760;  at  e, 
•f  20,000  and  0;  at  /,  -f  14,250  and  -  4,250;  and  at^-,  -{-  9.000 
and  —  9,000.  On  the  right  end,  the  limits  are  the  same 
numerically  at  corresponding  sections,  but  are  of  opposite 
sign.  From  this  discussion,  it  is  plain  that  only  positive 
shears  can  exist  from  a  to  ^  both  kinds  are  possible  from 
9  to  i;  and  only  negative  shears  beyond  i .    This  table  should 
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be  carefully  studied,  as  the  relations  here  illustrated  are  of 
great  importance  in  the  analysis  of  trusses. 

4.  Summary  of  Results. — Summarizing  the  results  of 
the  foregoing  analysis,  the  following  statement  may  be 
made  regarding  a  beam  subjected  to  both  a  dead  and  a 
uniform  live  load:  (1)  The  maximum,  shear  at  any  section 
to  the  left  of  the  center  will  be  positive,  and  may  be  found 
by  adding  to  the  dead-load  shear  the  maximum  positive  live- 
load  shear,  the  beam  being  loaded  to  the  right  of  the  section. 
(2)  The  minimum  shear  at  any  section  to  the  left  of  the 
center  may  be  found  by  combining  the  dead-load  shear  with 
the  maximum  negative  live-load  shear,  the  beam  being 
loaded  to  the  left  of  the  section.  Near  the  end  of  the  beam, 
these  minimum  shears  will  be  positive,  but  near  the  center, 
where  the  live-load  negative  shears  exceed  numerically  the 
dead-load  positive  shears,  the  resulting  values  will  be  negative. 
For  sections  on  the  right  of  the  center,  exactly  the  reverse  of 
this  holds  true:  the  shears  are  numerically  equal  to,  but 
of  opposite  sign  from,  those  on  the  left  of  the  center. 

56.  In  the  design  of  beams  and  plate  girders,  the  sign 
of  the  shear  is  usually  immaterial,  and  the  maximum  numer- 
ical value  is  all  that  is  needed.  In  the  case  of  trusses,  how- 
ever, it  is  essential  to  know  the  sign  of  the  shear  and  of  the 
stresses  resulting  therefrom.  Furthermore,  in  many  cases 
it  will  be  necessary  to  find  not  only  the  maximum  shear  and 
stress  but  also  the  minimum  values,  so  that  the  greatest 
range  of  stress  to  which  the  member  is  subjected  may  be 
known.  

MAXIMUM  MOMENTS  AND  SHEARS  IN  TRUSSES 

57,  Notation — Reactions. — So  far,  it  has  been  assumed 
that  the  load  was  applied  at  every  point  along  the  beam. 
In  the  case  of  trusses  and  plate-girder  bridges  with  floor 
systems,  the  load  is  applied  along  the  stringers  and  trans- 
mitted to  the  trusses  or  girders  by  the  floorbeams.  A 
truss,  for  example,  is  subjected  to  loads  acting  at  the  joints 
of  the  chords.     It  is  necessary  to  find  the  maximum  moments 
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at  the  joints  and  the  maximum  shears  in  the  panels.  In  what 
follows,  /  will  denote  the  length  of  the  span:  />,  the  length  of 
one  panel;  »,  the  number  of  panels;  w' ,  the  dead  load  per 
unit  of  length;  v/\  the  live  load  per  unit  of  length;  W\  the 
panel  dead  load;  W'\  the  panel  live  load;  ^,,  the  left 
reaction;  and  >?„  the  right  reaction.  When  necessary  to  dis- 
tinguish between  reactions  due  to  the  dead  and  to  the  live 
load,  the  former  will  be  denoted  by  one  accent — ^/,  Rt\  the 
latter,  by  two—/^,",  RJ'. 

58.  The  loads  W\  W"  are  taken  as  acting  at  the  joints. 
By  referring  to  Fig.  25,  where  «  =  6,  it  will  be  observed  that 
the  number  of  panel  points  (the  end  joints  are  not  counted) 


»s  5,  or  6  —  1.  In  general,  the  number  of  loaded  joints  is 
«  —  1,  or  one  less  than  the  number  of  panels.  This  being 
the  case,  the  total  dead  load  on  the  truss  is  («  —  1)  W,  and 
the  total  live  load,  when  all  the  truss  is  loaded,  is  (w  —  1)  W", 
Therefore,  in  this  case, 

y?.'  =  \{n-  \)W'  =  \{n-  \)pw' 
II  Ri'  =  \{n-\)W"  =  \{n-\)pw" 

'"  It  should  be  kept  in  mind  that  v^  and  w"  are,  in  this  dis- 
cussion, loads  per  unit  of  length  for  one  truss,  not  for  the 
bridge. 

59.  Dead-Load  Moments  and  Shears. — The  dead- 
load  moments  and  shears  are  determined  as  for  a  beam 
loaded  at  various  i>oints.  In  the  case  of  a  truss,  those 
points  are  the  panel  points,  each  of  which  carries  a  load 
equal  to  W.  Thus,  the  moment  at  b.  Fig.  25,  is  R/  p;  at  c, 
/?/  X  2/>  -  W'p\  at  d,  A'/  XSP-H"X2P^  IV' P;  etc.  The 
shear  between  a  and  b  is  R/;  between  b  and  c,  /?,'  —  W^; 
between  c  and  d,  R/  —  2  IV';  etc.     The  shear  between  a  and  i 
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is  referred  to  as  the  shear  in  the  panel  ab ;  that  between  b  and  c, 
as  the  shear  in  the  panel  be;  etc. 

Example. — ^A  truss  bridge  whose  span  is  120  feet  carries  a  dead  load  of 
800  pounds  per  linear  foot.  If  each  truss  is  divided  into  six  panels,  as 
indicated  in  Fi^.  25,  what  is  the  dead-load  shear  for  one  truss  in  the  second 
panel  from  the  left  end,  as  panel  be? 

Solution. — ^The  panel  length  is  120^6  =  20  ft.,  and  the  panel  dead  load 
for  one  truss  is 

^,^800X20^3^^^^ 

Since  there  are  five  intermediate  panel  loads  on  the  truss  and  either  dead- 
load  reaction  is  equal  to  half  of  the  total  load, 

^^,^5_X|000^20,0001b. 

The  required  shear  in  panel  ho  is 

F'  =  i2i'-I^'  =  20,000 -8,000  =  12,000  lb.     Ans. 

60.  Live-Load  Moments. — The  maximum  live-load  bend- 
ing moment  at  any  joint  occurs  when  the  whole  truss  is  loaded; 
that  is,  when  a  load  equal  to  W"  is  applied  at  every  joint  of 
the  loaded  chord;  and  is  calculated  in  the  same  manner  as  the 
dead-load  moment.  Thus,  the  maximum  live-load  bending 
moment  at  d  is  equal  to 

61.  Exact  Live-Load  Shears. — For  the  maximum  positive 
live-load  shear  at  any  section  in  a  beam,  it  has  been  shown 
that  the  beam  should  be  fully  loaded  up  to  that  section  from 
the  right,  and  should  have  no  load  on  the  left  of  the  section. 
In  a  truss  that  is  loaded  only  at  the  panel  points,  as  is  usually 
the  case  in  bridge  trusses,  the  shear  is  the  same  at  all  points  in 
a  panel.  Thus,  the  shear  in  the  panel  be  of  the  truss  shown  in 
Fig.  25  is  the  shear  on  any  section  q  in  that  panel.  This  shear 
is  equal  to  the  difference  between  the  left  reaction  and  the  load — 
if  there  is  one — at  the  joint  b.  For  a  maximum  positive  shear 
in  panel  be,  the  live  load  should  extend  up  to  joint  c  at  least, 
for  up  to  this  point  the  reaction  is  the  only  force  acting  on  the 
left  of  the  section,  and  this  increases  as  the  load  is  moved  from 
the  right  until  it  reaches  c.     If  the  load  advances  beyond  c,  the 


IP 
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joint  b  will  begin  to  receive  some  load,  and  the  shear  will  then 
be  equal  to  the  left  reaction  minus  the  load  at  6.  As  the  load 
continues  to  move  to  the  left,  the  reaction  is  increased,  but  the 
load  at  6  is  also  increased,  so  that  the  shear  in  the  panel  may  be 
increased  or  decreased  by  such  movement,  according  to  the 
relative  increase  in  the  left  reaction  and  the  load  at  b.  There 
is  a  certain  point  in  each  panel  to  which  the  load  should  extend 
in  order  that  the  shear  in  that  panel  may  be  a  maximum.  The 
condition  of  loading  for  the  maximtmi  positive  shear  in  the 
second  panel  of  a  six-panel  truss  is  represented  in  Fig.  26.     The 


Pia  26 

distance  x  from  the  joint  c  to  the  end  of  the  load  can  be  deter- 
mined exactly,  as  it  depends  only  on  the  panel  length  p;  the 
nimiber  of  panels  m  between  the  joint  c  and  the  right-hand  end 
of  the  span,  or  the  nimiber  of  panels  that  are  fully  loaded;  and 
the  number  of  panels  n  in  the  tnxss.     Thus, 


pm 
n  —  l 


(1) 


However,  the  distance  x  need  not  be  calculated  in  order  to  find 
the  maximum  shear,  as  the  shear  can  be  computed  directly  by 
the  following  formula : 


V"^w"pX, 


(2) 


•2(n-l) 

in  which  V"  -maximum  live-load  shear  in  any  panel  of  a  truss, 
.    in  pounds; 
a/'  — amount  of  uniform  load  per  linear  foot  for  one 
truss,  in  pounds; 
p« panel  length,  in  feet; 
m  -  number  of  panels  that  are  fully  loaded  to  produce 

the  maximum  shear; 
n  »  number  of  panels  in  truss. 
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Example. — A  six-panel  truss  like  that  represented  in  Fig.  26  has  a 
panel  length  of  15  feet  and  carries  a  uniform  live  load  of  1,200  pounds 
per  linear  foot  of  bridge.  Compute  the  maximum  positive  live-load  sheai 
in  the  second  panel  from  the  left,  or  panel  be,  Fig.  26. 

Solution. — The  uniform  load  w"  per  lin.  ft.  for  one  truss  is  |x  1,200 
=  600  lb.  Also,  in  formula  2,  p  =  15  ft.,  m=4,  and  «  =  6,  Hence,  the 
required  shear  is 

F"  =  «'"pXK7^■T^  =  600X  15 Xjr-7^-rT  =  14,400  lb.     Ans. 
2(»— 1)  2X(6— 1) 

62.  Approximate  Live-Load  Shears. — When  a  truss  is 
loaded  as  shown  in  Fig.  26,  the  total  load  that  is  transmitted  to 
the  joint  c  is  a  little  less  than  a  full  panel  load,  and  some  of  the 
load  in  the  panel  be  is  transmitted  to  joint  b.  However,  the 
assiimed  load  per  linear  foot  is  based  on  a  rough  estimate  of 
the  probable  loading  to  which  the  bridge  will  be  subjected,  and 
extreme  refinement  in  the  computation  of  stresses  is  not  war- 
ranted. Hence,  it  is  customary  to  compute  the  live-load  shear 
in  any  panel  of  a  truss  on  the  assumptions  that  every  panel 
point  on  one  side  of  the  panel  under  consideration  transmits 
a  full  panel  live  load  and  the  panel  points  on  the  other  side  do 
not  transmit  any  live  load.  The  values  of  the  shears  that  are 
based  on  these  assumptions  are  somewhat  greater  than  the 
values  calculated  by  the  formula  of  the  preceding  article,  the 
error  being  greatest  in  the  panels  near  the  center  of  the  span 
and  zero  in  the  end  panels.  Since  the  effect  of  the  approxima- 
tion is  to  obtain  higher  stresses  in  the  web  members  near  the 
center  of  the  span,  which  are  comparatively  small,  the  approxi- 
mate method  has  the  advantage  of  providing  additional  safety 
as  well  as  being  more  convenient. 

Example. — Solve  the  example  of  the  preceding  article  by  the  approxi- 
mate method. 

Solution. — A  fioll  panel  load  for  one  truss  is 

l^X-15  =  9,0001b. 

According  to  the  approximate  method,  it  is  assumed  that  there  is  a  panel 
load  of  9,000  lb.  at  each  of  the  joints  c,  d,  e,  and/  in  Fig.  26  and  no  load  at 
joint  b.  Hence,  the  shear  in  the  panel  be  is  equal  to  the  left-hand  reaction 
of  the  truss  for  those  four  panel  loads,  or 
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--,     .„    9.000X1 +9.000X2-h9.000X34-9,000X4 
*^"^'   " 6 

9.000X(l-h2+3-l-4)     ,-n^,.       . 

— ^-s - 15,000  lb.    Ans. 

o 

63.  Haxlmum  and  Minimum  Shears. — The  maximum 
shear,  or  maximum  combined  shear,  in  a  given  panel  of  a  truss 
is  the  sum  of  the  dead-load  shear  and  the  maximum  live-load 
shear  of  the  same  character  as  the  dead-load  shear.  The  mini- 
mum shear,  or  minimum  combined  shear,  is  equal  to  the  diflfer- 
ence  between  the  dead-load  shear  and  the  maximum  live-load 
shear  of  opposite  character. 

In  general,  the  maximum  live-load  shear  of  the  same  character 
as  the  dead-load  shear  is  produced  in  a  given  panel  of  a  truss 
when  every  panel  point  between  the  panel  in  question  and  the 
more  distant  end  of  the  truss  carries  a  full  live  load  and  the 
:  )anel  points  on  the  other  side  of  the  panel  receive  no  live  load. 
Thus,  in  Fig.  25,  the  dead-load  shear  in  panel  be  is  positive,  and 
the  maximum  positive  live-load  shear  in  that  panel  is  obtained 
when  there  is  a  full  panel  live  load  at  each  of  the  joints  c,  d,  e, 
and  /  to  the  right  of  the  panel  and  no  live  load  at  the  joint  b  to 
the  left.  The  maximum  live-load  shear  of  opp)osite  character 
to  that  of  the  dead-load  shear  is  obtained  in  a  panel  when  there 
is  a  full  panel  live  load  at  each  joint  between  the  panel  and  the 
nearer  end  of  the  truss  and  no  live  load  on  the  other  joints  of 
the  truss.  Thus,  the  maximiun  negative  live-load  shear  in 
panel  be  occurs  when  the  live  load  is  applied  only  at  the  joint  6. 


I 


EXAMPLES  FOR  PRACTICE 

1.  A  seven-pand  bridge,  each  pand  of  which  is  18  feet  long,  carries 
a  dead  load  of  900  pounds  per  linear  foot.  Compute  for  one  truss  (a)  the 
dead-load  shear  in  the  third  panel  from  the  left-hand  end  of  the  bridge  and 
(fr)  the  dead^oad  moairat  at  the  third  pand  point  from  the  left-hand  end. 

.^|(o)  8.100  lb. 

\(6)874.800ft..lb. 

I  2.  If  the  live  load  on  the  bridge  in  the  preceding  example  is  1.500 
■Kwnds  per  linear  foot,  what  is  the  maximum  positive  live-load  shear  for 
■ne  trass  in  the  third  panel  from  the  left  end.'  Use  the  approximate 
method.  Ans.  19301b. 

8.    Solve  the  preceding  example  by  means  of  formula  2.  Art.  01. 

Ans.  18.0001b. 
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STRESSES  IN  TRUSS  MEMBERS 


GENERAL  PRINCIPLES 

64.  Outline   of   Method   for   Determining   Stresses. 

When  the  panel  loads  on  a  truss  and  the  reactions  have  been 
established,  the  stresses  in  the  members  of  the  truss  can  usually 
be  determined  by  applying  the  principles  of  statics.  In  general, 
the  procedure  in  finding  the  stress  in  a  given  member  may  be 
outlined  as  follows :  First,  the  truss  is  imagined  to  be  cut  into 
two  parts  along  a  suitable  section  that  passes  through  the  mem- 
ber in  which  the  stress  is  desired.  Then,  either  part  of  the  truss 
is  treated  as  a  free  body  which  is  in  equilibrium  under  the  action 
of  a  system  of  forces  comprising  (1)  the  reactions  and  loads 
applied  to  that  part  and  (2)  external  forces  representing  the 
stresses  in  the  members  that  are  cut  by  the  section.  Finally, 
the  required  stress  can  be  foimd  by  applying  the  conditions  of 
equilibriiim  to  that  system  of  forces. 

65.  Method  of  Joints  and  Method  of  Sections. — There 

are  two  general  methods  of  passing  a  section  through  a  truss  so 
as  to  divide  the  truss  into  two  parts.     In  one  method,  all  the 
members  cut  by  the  section  are  concturent,  that  is,  they  inter- 
sect at  a  common  joint 
if  of  the  truss.     For  ex- 

'  '^. — i — j "TV  ample,  in  order  to  find 

\  '  /      \  the  stress  in  a  certain 

member  of  the  truss 
shown  in  Fig.  27,  it 
may  be  convenient  to 
pass  the  curved  sec- 
tion GFI,  which  cuts  all  the  members  that  meet  at  the  joint  B, 
including  the  member  whose  stress  is  desired.     The  part  of  the 
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truss  between  the  joint  B  and  the  section  GFI  is  then  treated 
as  a  free  body.  In  the  second  method,  a  section,  as  PQ  in  Fig. 
27,  is  passed  so  as  to  cut  both  chords.  In  this  case,  the  part  of  the 
truss  on  either  side  of  the  cutting  section  is  treated  as  a  free  body. 
\STien  a  stress  in  a  truss  member  is  determined  by  consider- 
ing the  forces  acting  on  the  part  of  the  truss  around  a  single 
oint,  the  stress  is  said  to  be  found  by  the  method  of  joints. 
If  it  is  determined  by  considering  the  forces  acting  on  the  part 
of  the  truss  to  one  side  of  a  section  that  cuts  both  chords, 
the  stress  is  said  to  be  determined  by  the  method  of  sections. 

66.  Analjaic  and  Graphic  Methods. — Stresses  in  truss 
members  may  be  determined  either  by  calculation  or  by  means 
of  diagrams;  that  is,  either  analytically  or  graphically.  Since 
extreme  accuracy  in  the  results  is  not  usually  required,  the 
choice  of  method  is  mainly  a  matter  of  convenience.  The 
^aphic  method  is  generally  preferred  for  finding  the  stresses  in  a 
tructure,  such  as  a  roof  truss,  where  the  same  conditions  of 
loading  are  assumed  for  determining  the  maximum  stresses  in 
all  the  members.  The  analytic  method,  however,  is  more 
advantageotis  in  the  case  of  a  bridge  truss,  because  several  dif- 
ferent conditions  of  loading  must  be  assumed  in  order  to  find  the 
rnaximura  and  minimum  stresses  in  the  various  web  members. 

♦J7.  Conditions  of  Equilibrium. — The  forces  of  a 
alanced  system,  or  a  system  that  holds  a  body  or  a  part  of  a 
>ody  in  equilibrium,  must  be  related  so  as  to  fulfil  the  following 
hree  conditions:  (1)  The  algebraic  siun  of  the  horizontal  com- 
'^Mients  of  the  forces  is  equal  to  zero;  (2)  the  algebraic  siun  of 
heir  vertical  components  is  equal  to  zero;  (3)  the  algebraic  siun 
•f  their  moments  about  any  point  is  equal  to  zero.  When  the 
tresses  in  a  truss  are  to  be  calculated,  the  conditions  of  eqtii- 

librium  are  usually  expressed  by  the  following  equations: 
,,  ZX-O         (1) 

I  2y-0         (2) 

2M-0         (3) 

in  which  ZX  denotes  the  algebraic  stmi  of  the  horizontal  com- 

|)onents,  ZV  is  the  algebraic  stun  of  the  vertical  components, 
md  IM  is  the  algebraic  sum  of  the  moments. 
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If  the  stresses  are  to  be  found  graphically,  only  the  first  two 
conditions  of  equilibriimi  are  utilized.  Equilibrium  is  then 
indicated  by  the  fact  that  the  vectors  of  the  forces,  or  the  lines 
representing  the  forces  in  both  amount  and  direction,  form  a 
closed  figure;  in  other  words,  the  polygon  of  forces  closes. 

68.  Relation  Among  a  Force  and  Its  Components. 

A  force  and  its  horizontal  and  vertical  components  may  be  con- 
sidered to  form  a  right  triangle,  as  triangle 
ABC  in  Fig.  28,  where  5  represents  any  force 
and  X  and  Y  represent  its  horizontal  and 
vertical  components,  respectively.  Hence, 
when  the  amount  of  a  force  and  the  angle 
H  that  it  makes  with  the  horizontal  are 
known,  the  horizontal  and  vertical  com- 
ponents of  the  force  may  be  readily  found  by 
the  relations 

X^S  cos  H  (1) 

and  7=5  sin  i/  (2) 

Also,  if  the  direction  of  a  force  and  the  amount  of  one  of  its 
components  are  known,  the  amount  of  the  force  can  be  com- 
puted by  one  of  the  following  formulas : 

5  =  ^^  =  X  sec  //  (3) 

cos  H  ' 

or  S  =  -X-f^=Y  cscH  (4) 

sm  //  ^  ' 

If  the  two  components  of  the  force  are  given,  the  angle  that 
the  force  makes  with  the  horizontal  can  be  determined  from  the 
relation 

tan//=^  (5) 

The  amount  of  the  force  can  then  be  computed  by  formula  3  or  4 
or  by  the  formula 

S=VX2-hy2  (6) 

69.  Representation  of  Stresses  by  External  Forces. 

When  a  part  of  a  truss  is  treated  as  a  free  body  that  is  in  equi- 
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librium  under  the  action  of  a  system  of  forces,  the  stresses  in 

he  cut  members  are  represented  by  external  forces  which  have 

the  same  combined  effect  as  the  other  part  of  the  truss.     These 

forces  obviously  must  act  along  the  axes  of  the  cut  members. 


Piaap 


The  method  of  representing  the  conditions  is  illustrated  in 
Fig.  29. 

If  the  truss  in  view  (a)  is  cut  by  the  sectionPQ,  the  part  of  the 
structure  to  the  left  of  the  section  may  be  treated  as  a  free  body, 
as  shown  in  view  (6).  The  stresses  in  the  cut  members  BD,  Be, 
and  6c  are  then  represented  by  the  forces  Su  St,  and  St,  respeo- 
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tively,  which  are  directed  along  the  members  and  are  located 
on  the  same  side  of  the  section  as  the  part  of  the  truss  they 
replace.  Similarly,  in  views  (c),  (d),  and  (e)  are  shown  the  sys- 
tems of  forces  that  are  acting  on  the  parts  of  the  truss  around 
the  joints  a,  b,  andB,  respectively.  In  these  three  views,  and 
also  in  view  (a),  the  cutting  sections  are  indicated  by  dot-and- 
dash  arcs. 

When  the  stress  in  a  member  is  represented  by  a  force,  the 
direction  of  the  force  along,  its  line  of  action  indicates  whether 
the  stress  is  tension  or  compression.  It  is  usually  assumed  that 
a  tensile  stress,  or  pull,  is  indicated  by  a  force  acting  away  from 
the  cutting  section,  and  that  a  compressive  stress,  or  thrust,  is 
indicated  by  a  force  acting  toward  the  cutting  section.  Thus, 
in  Fig.  29  (b),  the  force  5i  indicates  compression  in  the  member 
BD,  the  force  52  indicates  tension  in  the  member j5c,  and  the  force 
53  indicates  tension  in  the  member  be.  Also,  the  forces  5i  and  56 
in  view  (e)  indicate  compression  in  members  aB  and  BD,  respec- 
tively, and  the  forces  5$  and  56  indicate  tension  in  Bb  and  Be. 

70.  Signs  of  Stresses. — Instead  of  indicating  the  charac- 
ters of  the  stresses  in  truss  members  by  means  of  the  words 
"tension"  and  "compression"  or  by  means  of  abbreviations  for 
those  words,  it  is  often  convenient  to  use  the  signs  -f-  and  — . 
Either  of  these  signs  may  be  assumed  to  indicate  tension  and 
the  other  to  indicate  compression,  provided  the  same  assump- 
tions are  used  throughout  the  computations.  The  choice  in 
any  particular  case  depends  mainly  on  the  practice  of  the 
organization  where  the  work  is  being  done.  In  former  years, 
it  has  been  the  more  general  practice  in  the  United  States  to 
use  +  for  compression  and  —  for  tension.  However,  it  is  now 
becoming  more  common  to  use  +  for  tension  and  —  for  .corti- 
pression. 

71.  Statically  Indeterminate  Trusses. — In  some  types 
of  trusses,  such  as  the  multiple-system  trusses  shown  in  Figs.  8, 
9,  and  10,  it  is  not  possible  to  determine  the  stresses  in  the 
members  simply  by  applying  the  principles  of  statics.  Instead, 
an  assumption  is  then  made  in  regard  to  the  distribution  of 
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among  two  or  more  members,  or  consideration  is  given  to 
he  principles  of  elasticity  in  addition  to  the  principles  of  statics. 
A  truss  in  which  the  stresses  cannot  be  found  by  the  principles 
of  statics  alone  is  said  to  be  statically  indeterminate. 


METHOD  OF  JOINTS 


ANALYTIC   METHOD 

72.  Selection  of  Jolntjs  for  Analysis. — The  general 
procedure  outlined  in  Art.  64  applies  to  both  the  method  of 
joints  and  the  method  of  sections.  However,  the  details  of  the 
solution  are  somewhat  different  in  the  two  cases.  When  the 
method  of  joints  is  used,  the  system  of  forces  acting  on  the  part 
of  the  truss  that  is  treated  as  a  free  body  is  analyzed  graphically 
by  constructing  a  polygon  of  forces  or  analytically  by  applying 
either  or  both  of  the  relations  2X  =  0  and  XY=0.  Therefore, 
in  order  that  this  method  may  be  employed,  the  section  must 
be  passed  so  as  to  cut  not  more  than  two  members  with  unknown 
stre^es,  and  one  of  these  must  be  the  member  whose  stress  is 
desired.  The  order  in  which  the  joints  are  considered  depends 
n  this  requirement.  Because  of  the  use  of  the  relations  2^=0 
nd  2V»=0,  the  method  of  joints  is  sometimes  called  the  method 
of  resolution  of  forces. 


73.     Calculation  of  Stresses. — When  the  stresses  in  the 

members  of  a  truss  are  to  be  determined  analytically  by  the 

method  of  joints,  the  first  step  is  to  draw  a  skeleton  diagram  of 

the  truss  and  to  show  all  the  loads  and  the  reactions  in  their 

proper  positions  and  directions.     This  diagram  need  not  be  to 

scale.    The  next  step  is  to  select  a  joint  at  which  there  are  only 

Ax>  members  whose  stresses  are  unknown,  and  to  pass  a  section 

round  that  joint.     If  desired,  the  part  of  the  truss  that  is  to  be 

reated  as  a  free  body  may  be  redrawn,  but  the  entire  solution  is 

enerally  carried  out  by  using  the  skeleton  diagram  alone.     In 

rder  to  make  the  following  explanations  clearer,  the  various 

arts  of  the  truss  will  here  be  redrawn,  as  shown  in  Fig.  29  (c), 

/).  and  (e). 
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After  the  cut  part  of  the  truss  is  redrawn,  the  stresses  in  the 
cut  members  are  represented  by  external  forces  acting  on  the 
free  body.  Unless  it  is  known  from  previous  calculations  or 
experience  whether  the  stress  in  a  certain  member  is  tension  or 
compression,  the  direction  of  each  such  force  along  its  line  of 
action  is  first  assumed  and  later  verified.  In  the  usual  pro- 
cedure, the  directions  of  the  unknown  forces  9,re  assumed  arbi- 
trarily in  determining  the  directions  of  their  components.  Then, 
the  values  of  the  forces  are  computed  by  applying  the  conditions 
of  equilibrium  and  solving  the  resulting  equations.  If  the  value 
obtained  for  a  force  is  positive,  the  direction  assumed  for  the 
force  is  correct.  But,  if  the  value  is  negative,  the  correct  direc- 
tion is  opposite  to  that  assumed.  ,    ■ 

Example. — In  a  four-panel  truss  of  the  type  illustrated  in  Fig.  29  (a), 
the  panel  length  p  is  16  feet,  the  height  h  is  14  feet,  and  the  panel  dead 
load  W  is  8,000  pounds.  Calculate  the  dead-load  stresses  in  the  various 
members  of  the  truss  by  the  method  of  joints. 

Solution. — Since  the  truss  in  Fig.  29  is  symmetrical,  each  reaction  is 

8  000  X  3 
equal  to  ~ — =  12,000  lb.     Also,  the  stresses  in  the  corresponding 

members  on  opposite  sides  of  the  center  line  are  equal,  and  it  is  therefore 
sufficient  to  calculate  the  values  for  only  one  half  of  the  truss. 

Analysis  of  Joint  a:  Since  the  stresses  in  all  members  are  unknown,  it 
is  necessary  to  analyze  first  the  joint  c,  because  that  joint  is  the  only  one 
at  which  there  are  not  more  than  two  members.  The  section  GI  is  passed 
around  this  joint  and  the  part  of  the  truss  that  is  to  be  treated  as  a  free 
body  is  redrawn  in  view  (c).  Here,  the  stresses  in  the  cut  members  aB 
and  ab  are  represented  by  the  external  forces  5i  and  Si,  respectively,  which 
are  arbitrarily  assumed  to  have  the  directions  indicated  by  the  arrowheads. 
Then,  the  forces  acting  on  the  part  of  the  truss  under  consideration  are  the 
reaction  Ri,  which  is  known,  and  the  forces  5i  and  Sz,  which  are  to  be  deter- 
mined. 

In  order  to  apply  the  relations  SX  =  0  and  SF=0,  it  is  necessary  to 
compute  the  components  of  the  forces.  As  the  reaction  is  vertical,  its 
horizontal  component  is  0  and  its  vertical  component  is  12,000  lb.  The 
horizontal  component  of  the  force  ^2  is  equal  to  the  force  itself,  and  its 
vertical  component  is  0.  Also,  the  horizontal  component  of  5t  is  Si  cos  Hi 
and  the  vertical  component  is  Si  sin  Hi.  The  angle  Hi  may  be  found  from 
the  given  panel  length  and  the  height  of  truss.     Thus,  in  Fig.  29  (a), 

tan  Bab  =  ^  =  ^  and  Bab=Hi=^l°  11' 
ab     lb 
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Wherever  possible,  the  computations  shoiild  be  simplified  by  applying 

the  condition  of  equilibrium  that  will  involve  only  one  unknown  force. 

In  this  case,  the  vertical  component  of  force  St  is  zero,  and  the  equation 

Z  K«>  0  will  be  applied.  If  upward  forces  or  components  are  considered  to  be 

po5ijt.i\e  and  downward  forces  or  components  are  considered  n^ative, 

12,000-5,  sin  4rir-0 

»"^  •^•-sWlP-^»'220»t>- 

Since  this  result  comes  out  positive,  the  assumed  direction  of  Si  is  correct. 
•\s  that  direction  is  toward  the  cutting  section,  the  force  Si  represents  a 

)mpressive  stress.      Hence,  the  stress  in  member  aB  or  eD  is  18,220  lb., 

■  >mpression.    Ans. 

After  the  value  of  the  force  5,  has  been  determined,  the  other  force  St 
caa  be  readily  computed  by  means  of  the  relation  ZX  —  O.  If  forces  or 
conqxments  acting  toward  the  right  are  considered  positive  and  those  to 
'  !ie  left  are  considered  negative,  the  equation  is 

- 18.220  cos  41"  ir  +  5,  -  0 
and  5,- 18,220  cos  4r  ir- 13,710  lb. 

This  result  is  also  positive  and  therefore  the  direction  of  St  is  away  from 
the  section,  as  assumed,  and  the  stress  in  member  ab  or  ed  is  13,710  lb., 
tension.    Ans. 

Analysis  of  Joint  b:  After  the  stress  in  member  ab  has  been  found,  there 

-e  only  two  members  at  joint  b  in  which  the  stresses  are  unknown.  There- 

>re,  that  joint  will  be  analyzed  next.  The  part  of  the  truss  included  within 
a  section  passed  around  that  joint  is  redrawn  in  Fig.  29  (</).  This  part  is 
acted  upon  by  four  forces:  namely,  the  panel  load  H';  the  force  St  repre- 

mting  the  stress  in  member  ab,  which  is  now  known;  and  the  forces  St  and 
.:>«.  which  represent  the  stresses  in  members  bB  and  be  and  are  to  be  deter- 
mined. Since  the  stress  in  ab  is  tension,  the  force  St  is  directed  away  from 
the  cutting  section.  The  directions  of  St  and  54  are  at  first  arbitrarily 
assumed  to  be  as  indicated  by  the  arrows. 

Here,  the  only  vertical  forces  or  components  are  the  panel  load  W  and 
the  force  St;  and  the  only  horizontal  forces  are  St  and  St.  In  each  case, 
there  is  one  known  force  and  one  unknown  force,  and  the  equations 
ZX  -  0  and  Z  K  •-  0  may  be  applied  in  either  sequence.  Prom  the  relation 
ZK-0, 

-8,000+5,  -0 
and  5, -8.000  lb. 

inoe  the  result  is  positive,  the  force  5$  acts  away  from  the  section,  as 
;  -sumed.  and  the  stress  in  member  bB  or  dD  is  8,000  lb.,  tension.    Ans. 
Prom  the  relation  2^-0, 

- 13,710+ 5«-0 
md  5«- 13.710  lb. 

rhus.  the  force  5^  also  acts  away  from  the  cutting  section  and  the  stress 
in  member  6c  or  cd  is  13,710  lb.,  tension.    Ans. 
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Analysis  of  Joint  B:  Now  that  the  stresses  in  the  members  aB  and  hB 
have  been  determined,  the  stresses  in  the  other  two  members  that  meet  at 
joint  B,  or  members  BD  and  Be,  can  be  computed  by  analyzing  this  joint. 
The  part  of  the  truss  that  would  be  removed  if  a  section  were  passed  around 
joint  B  is  redrawn  in  Fig.  29  (e),  and  the  forces  representing  the  stresses 
in  the  cut  members  are  given  the  directions  indicated  by  the  arrows.  The 
directions  of  the  known  forces  Si  and  S3  are  established  by  the  characters 
of  the  stresses  in  the  members  aB  and  hB,  and  the  directions  of  ^s  and  S^  are 
assumed. 

Since  the  unknown  force  S^  has  no  vertical  component,  the  value  of  S^ 
can  be  determined  directly  from  the  relation  SF  =  0.  In  this  case,  the 
angle  DBc,  Fig.  29  (a),  is  equal  to  the  angle  Bab^  and  the  angles  Hi  and  H 
in  view  {e)  are  each  equal  to  41°  11'.     Then, 

Si  sin  III— Si  —  Si  sin  i/  =  0 
or  18,220  sin  41°  ll'-8,000-56  sin  41°  ll'  =  0 

and  56  =  6,070  lb. 

The  force  S^  therefore  acts  away  from  the  cutting  section,  and  the  stress  in 
member  Be  or  cD  is  6,070  lb.,  tension.     Ans. 

Finally,  from  the  relation  SZ  =  0, 

5i  cos  41°  11' -55+ 56  cos  41°  11'  =  0 
and  56  =  18,280  lb. 

Thus,  the  force  55  acts  toward  the  section  and  the  stress   in   member 
BD  is  18,280  lb.,  compression.     Ans. 


GRAPHIC   METHOD 

74.  Construction  of  Stress  Diagram. — The  stresses  in 
the  members  of  a  truss  may  be  determined  graphically  by  select- 
ing joints  for  analysis  in  the  manner  described  in  Art.  72  and 
constructing  the  polygon  of  forces  for  each  joint.  However,  in 
the  case  of  a  truss,  it  is  customary  to  combine  the  various  force 
polygons  into  a  single  diagram  known  as  a  stress  diagram.  In 
this  way,  duplication  of  lines  is  entirely  avoided  and  consider- 
able time  is  saved.  The  method  of  determining  stresses  by 
means  of  a  stress  diagram  may  be  outlined  as  follows : 

The  first  step  is  to  draw  to  a  convenient  scale  a  frame  diagram, 
such  as  that  illustrated  in  Fig.  30  (a),  which  is  an  acctirate  out- 
line of  the  truss  showing  all  the  members,  reactions,  and  loads  in 
their  proper  relative  positions  and  directions.  On  this  diagram, 
the  external  forces  and  the  members  are  designated  by  letters 
or  numbers  placed  in  the  spaces  on  each  side  of  the  lines  rather 
than  at  the  ends  of  the  lines.  Thus,  the  load  W2  in  Fig.  30  (a) 
is  called  load  2-3  because  it  lies  between  the  spaces  marked  2 
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and  3,  and  the  member  between  the  spaces  11  and  12  is  called 
1 1-12.  The  space  0  includes  all  the  area  above  the  truss,  as 
there  are  no  loads  at  the  top-chord  joints. 


eo' 


PMi  jo 


After  the  frame  diagram  has  been  laid  out,  the  stress  diagram 
\  b^;un  by  drawing  to  scale  the  polygon  of  forces  for  the  loads 
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and  reactions.  In  Fig.  30  (d),  the  vectors  of  the  five  given 
loads  are  laid  off  in  succession  along  the  vertical  line  from  1  to  6, 
and  the  points  of  division  between  the  vectors  are  numbered  to 
correspond  to  the  spaces  in  view  (a)  between  which  the  respec- 
tive loads  lie.  Also,  the  point  0  in  view  (d)  is  located  so  that 
the  lines  6-0  and  0-1  represent  the  reactions.  In  this  case,  the 
truss  is  symmetrically  loaded  and  point  0  is  midway  between  1 
and  6.  The  stress  diagram  is  completed  by  analyzing  the  vari- 
ous joints  of  the  truss  in  such  order  that  there  will  be  only  two 
members  with  unknown  stresses  at  the  joint  under  consideration 
at  the  time.  The  polygon  of  forces  for  each  joint  may  then  be 
.readily  closed  by  drawing  two  lines  that  are  parallel,  respec- 
tively, to  the  members  whose  stresses  are  unknown. 

75.  The  construction  of  the  stress  diagram  in  Fig.  30  (d) 
would  be  continued  from  the  line  1-6  in  the  following  manner: 
First,  the  triangle  of  forces  for  the  joint  a  is  completed  by  draw- 
ing a  line  from  point  0  parallel  to  member  aB  or  0-16  in  view  (a) 
and  another  line  from  point  1  parallel  to  member  ab  or  1-16;  the 
intersection  of  these  lines  is  marked  16.  The  next  step  is  to  com- 
plete the  polygon  of  forces  for  joint  b  by  drawing  a  line  from 
point  16  parallel  to  member  16-15  and  a  line  from  point  2  parallel 
to  member  2-15,  and  marking  15  at  their  intersection.  Simi- 
larly, point  14  is  located  by  analyzing  joints  and  drawing  lines 
from  points  0  and  15  parallel  to  members  0-14  and  15-14, 
respectively.  Then,  point  13  is  established  at  the  intersection 
of  lines  14-13'  and  3-13,  which  are  parallel  to  the  members  of 
the  truss  designated  by  the  corresponding  numbers;  and  point 
12  is  located  by  drawing  lines  13-12  and  0-12.  Theoretically, 
point  11  would  be  located  at  the  intersection  of  a  line  drawn 
from  point  12  parallel  to  member  12-11  and  a  line  drawn  from 
point  0  parallel  to  member  0-11.  However,  since  the  points  0 
and  12  lie  on  the  same  horizontal  line,  point  11  must  coincide 
with  point  12. 

In  the  case  of  a  symmetrically-loaded  truss,  such  as  that 
shown  in  view  (a),  it  is  sufficient  to  construct  the  stress  diagram 
for  only  one  half  of  the  truss.  For  this  reason,  the  part  of  the 
stress  diagram  that  would  apply  to  the  right-hand  half  is  shown 
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clotted  in  view  (<f);  this  part  is  given  merely  to  illustrate  the 
fact  that  it  is  like  the  part  for  the  left  half  of  the  truss. 

76.  Stresses  From  Stress  Diagram. — The  amount  of 
the  stress  in  any  member  of  a  truss  is  represented  by  the  length 
of  the  line  in  the  stress  diagram  between  the  points  having  the 
same  numbers  or  letters  as  the  spaces  between  which  the  member 
lies  in  the  frame  diagram.  For  example,  the  amount  of  the 
stress  in  the  member  5c,  or  15-14,  in  Fig.  30  (a)  is  indicated  by 
the  length  of  the  line  15-14  in  view  (d)  measured  to  the  same  scale 
that  was  used  for  laying  off  the  vectors  of  the  loads  along  the 
line  1-6. 

The  character  of  the  stress  in  a  member  may  also  be  deter- 
mined from  the  stress  diagram  as  follows:  First,  consider  a 
section  cutting  the  member  and  passing  aroimd  a  joint  that 
supports  an  external  load ;  for  instance,  to  find  the  character  of 
the  stress  in  member i?c,  a  section  would  be  passed  around  joint  c, 
at  which  the  load  Wt  is  supported.  From  the  direction  in  which 
that  load  acts,  determine  in  what  order  the  designating  figures 
or  letters  for  that  load  should  be  read  in  the  stress  diagram  and 
also  in  what  direction — clockwise  or  counter-clockwise — it  is 
necessary  to  proceed  arotmd  the  joints  in  the  frame  diagram. 
Thus,  since  the  load  Wt  acts  downwards,  it  is  designated  in  the 
stress  diagram  as  2-3  (not  3-2),  and  obviously  the  direction  of 
procedure  around  the  joint  c  in  the  frame  diagram  is  counter- 
l^ockwise.  This  manner  of  proceeding  arotmd  the  joint  will 
■ndicate  how  to  read  the  line  in  the  stress  diagram  that  repre- 
flents  the  desired  stress  and  will  determine  the  direction  in  which 
the  force  representing  that  stress  acts  with  respect  to  the  joint. 
I3y  proceeding  in  the  counter-clockwise  direction  aroimd  joint  c 
in  view  (a),  it  is  found  that  the  designation  for  member  Be 
should  be  14-15.  If  the  Une  corresponding  to  the  stress  in  Be 
is  located  in  the  stress  diagram  in  view  (d),  and  read  14-15,  it  is 
obvious  that  the  force  representing  the  stress  acts  diagonally 
upwards,  or  away  from  the  joint  e  in  view  (a),  and  hence  the 
stress  in  member  Be  is  tension. 

As  a  further  illustration  of  the  manner  in  which  the  characters 
of  stresses  are  determined,  the  stresses  in  members  aB  and  ab  will 
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be  considered.  Both  members  pass  through  joint  a,  and  a  sec- 
tion around  that  joint  will  be  assumed.  The  reaction  Ri  acts 
upwards  and  is  designated  in  the  stress  diagram  in  view  (d)  as 
0-1  (not  1-0),  indicating  that  the  direction  of  procedure  around 
the  joint  a  is  to  be  counter-clockwise.  Therefore,  it  is  neces- 
sary to  read  the  member  ab  as  1-16  and  the  member  aB  as  16-0. 
If  the  lines  in  the  stress  diagram  corresponding  to  the  stresses 
in  these  members  are  read  in  such  order,  it  is  seen  that  the  force 
representing  the  stress  in  member  ab  acts  to  the  right  and  the 
force  for  member  aB  acts  diagonally  downwards,  as  shown  by 
the  directions  of  the  forces  52  and  5i  in  view  (e).  Thus,  the 
force  52  acts  away  from  the  joint  a  and  the  stress  in  member  ab 
is  tension ;  and  the  force  5i  acts  toward  the  joint  and  the  stress  in 
member  oB  is  compression. 


METHOD  OF  SECTIONS 

77.  Analytic  Method  of  Finding  Stresses. — When  the 
method  of  sections  is  to  be  used  for  finding  the  stresses  in  the 
members  of  a  truss  and  the  values  are  to  be  determined  ana- 
lytically, the  section  can  usually  be  passed  through  any  member 
whose  stress-is  desired,  and  no  particular  order  need  be  followed. 
In  the  case  of  a  chord  member,  the  section  cutting  the  truss  into 
two  parts  is  generally  passed  through  that  member,  a  member  of 
the  opposite  chord,  and  only  one  web  member;  and  the  relation 
SM  =  0  is  applied  to  the  system  of  forces  acting  on  the  part  of 
the  truss  that  is  to  be  treated  as  a  free  body.  In  order  that  the 
desired  stress  will  be  the  only  unknown  quantity  in  the  equation 
of  moments,  the  center  of  moments  is  taken  at  the  intersection 
of  the  other  two  members  cut  by  the  section.  The  moment  of 
the  stressin  each  of  these  other  two  members  is  then  zero,  and  the 
value  of  the  required  stress  can  be  readily  foimd  by  solving  the 
equation  SM  =  0.  For  example,  if  it  is  desired  to  determine  the 
stress  in  the  member  AC  in  Fig.  27,  a  section  PQ  would  be  passed 
through  that  member,  the  top  chord,  and  the  web  member  BC; 
and  the  center  of  moments  would  be  taken  at  the  intersection 
oiBC  and  the  top  chord,  or  at  joint  .S 
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If  the  dlaracter  of  the  required  stress  cannot  be  detennined 
by  inspection,  the  direction  of  the  force  representing  the  stress 
is  assumed  arbitrarily  in  determining  the  sign  of  the  moment  of 
the  force  in  the  equation  2A/=0.  This  assumed  direction  is 
correct  if  the  resulting  value  of  the  force  is  positive,  and  is  incor- 
rect if  the  result  is  negative. 

78.  The  method  of  the  preceding  article  can  be  applied  also 
for  finding  the  stress  in  a  web  member  of  an  inclined-chord  or 
curved-chord  truss.  In  this  case,  however,  the  section  would  be 
passed  through  the  web  member  whose  stress  is  desired  and 
through  the  top  and  bottom  chords,  and  the  center  of  moments 
would  be  taken  at  the  intersection  of  the  chords. 

The  stress  in  a  web  member  of  a  parallel-chord  truss  cannot 
be  computed  by  applying  the  relation  2M =0  in  the  manner 
just  described,  because  the  top  and  bottom  chords  do  not  inter- 
sect. However,  such  a  stress  can  be  computed  by  the  following 
simple  method.  A  section  is  passed  through  the  web  member 
and  the  top  and  bottom  chords,  and  the  relation  S  F = 0  is  applied 
to  the  system  of  forces  acting  on  the  part  of  the  truss  that  is 
considered  as  a  free  body.  Since  both  chord  members  are  hori- 
zontal, neither  of  the  forces  representing  the  stresses  in  those 
members  has  a  vertical  component,  and  the  only  unknown 
quantity  in  the  equation  is  the  required  stress  in  the  web  mem- 
ber. For  instance,  the  stress  in  the  member  BC,  Fig.  27,  may 
be  found  by  passing  the  section  PQ  and  equating  to  zero  the 
algebraic  sum  of  the  reaction  at  ^4;  the  panel  load  at  B,  if 
there  is  one ;  and  the  vertical  component  of  the  force  represent- 
ing the  stress  in  BC.  The  character  of  the  stress  can  be  deter- 
mined either  by  inspection  or  by  first  assuming  the  direction  of 
the  force  representing  the  stress  and  then  verifying  the  assump- 
tion, as  described  in  the  preceding  article  for  a  chord  member. 

The  method  of  sections  is  sometimes  called  the  methcd  of 
momfHts  and  shears. 

ExAMPLB. — For  the  truss  considered  in  the  example  of  Art.  73  and 
repwwnted  in  Pig.  20  (a),  compute  the  strenes  in  the  meroben  BD,  &c, 
aad  Be  by  the  method  of  sections. 

Solution.— ifMi6<r  BD:  To  iind  the  stress  in  the  member  BD,  the 
fint  step  is  to  pass  the  section  PQ,  view  (a),  through  that  member,  the 
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lower  chord,  and  the  web  member  Be.  The  part  of  the  truss  to  the  left  of 
the  section  is  then  treated  as  a  free  body,  and  the  equation  SJtf  =  0  is 
applied.  If  desired,  this  part  may  be  redrawn,  as  in  view  {b);  and  the 
stresses  in  the  cut  members  may  be  represented  by  the  forces  Si,  Si,  and  ^s, 
whose  directions  are  at  first  assumed  to  be  as  indicated  by  the  arrows.  In 
order  that  the  force  Si  will  be  the  only  unknown  in  the  equation  of 
moments,  the  center  of  moments  is  taken  at  the  intersection  of  the  mem- 
bers be  and  Be,  or  at  joint  c. 

Since  the  reaction  Ri  is  12,000  lb.,  the  panel  load  W  is  8,000  lb.,  the 
panel  length  p  is  16  ft.,  and  the  height  h  is  14  ft.,  the  equation  of  moments  is 
12,000  X  32  -  8,000  X 16 -5iX  14  =  0 

,            ,  .  ,             „      12,000X32-8,000X16     .QocniK 
from  which  Si  = —r =  18,280  lb. 

The  positive  result  indicates  that  the  assumed  direction  of  the  force  Si  is 
correct.  Hence,  the  stress  in  member  J5Z)  is  18,2801b.,  compression.  Ans. 
Member  be:  The  section  PQ,  Fig.  29  {a),  is  also  satisfactory  for  deter- 
mining the  stress  in  the  member  be.  But,  in  this  case,  the  center  of 
moments  is  taken  at  the  intersection  of  members  BD  and  Be,  or  at  joint  B. 
Then,  the  equation  of  moments  is 

12,000X16-53X14  =  0 

and  53=-^-><^  =  13,7101b. 

This  force  acts  away  from  the  section,  as  assumed,  and  the  stress  in  member 
be  is  13,710  lb.,  tension.     Ans. 

Member  Be:  Since  the  section  PQ  cuts  the  member  Be  and  both  chords, 
that  section  is  suitable  for  determining  the  stress  in  the  web  member. 
In  this  case,  the  relation  SF  =  0  is  applied  to  the  system  of  forces  shown  in 
Fig.  29  (6).     Thus, 

12,000-8,000-52  sin  ^"  =  0 
and,  since  if =41°  11', 

12,000-8,000    f.fy,f.,, 
^'=    sin41oil'    =6.070  lb. 

The  force  52  acts  away  from  the  section  and  the  stress  in  the  member  Be  is, 
therefore,  6,070  lb.,  tension.     Ans. 

79.     Rules  for  Stresses  In  Parallel -Chord  Trusses. 

The  stresses  in  the  members  of  a  parallel-chord  truss  can  be 
computed  most  easily  by  applying  the  following  rules,  which  are 
based  on  the  explanations  in  the  preceding  two  articles. 

To  find  the  stress  in  any  chord  member  of  a  parallel-chord 
truss,  pass  a  section  through  the  member  and  the  opposite 
chord,  and  locate  the  center  of  moments,  as  described  in  Art.  77; 
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icn  divide  the  moment  about  the  center  of  moments  by  the 
eight  of  the  truss. 

To  find  the  stress  in  any  web  member  of  a  parallel-chord  truss, 
pass  a  section  through  the  member,  as  described  in  Art.  78;  then 
divide  the  shear  on  the  section  by  the  sine  of  the  angle  that  the 
web  member  makes  with  the  horizontal. 

80.     Graphic  Determination  of  Shears  and  Moments. 

The  shear  on  any  section  through  a  truss  or  the  moment  at  any 
panel  point  may  be  determined  graphically  by  constructing  an 
equilibrium  polygon,  as  in  Fig.  30  (6),  and  a  load  line  and  rays 
from  a  convenient  pole,  as  in  view  (c).  The  shear  on  any  sec- 
tion is  equal  to  the  distance  on  the  load  line  in  view  (c)  from  the 
I)oint  0  to  the  lower  extremity  of  the  vector  of  the  load  that  lies 
just  to  the  left  of  the  section.  Thus,  the  shear  on  section  PQ, 
view  (o),  is  equal  to  the  distance  in  view  (c)  from  point  0  to  point 
2,  which  is  the  lower  extremity  of  the  vector  of  load  Wi  in 
view  (a). 

To  find  the  moment  at  any  panel  point,  it  is  simply  necessary 
to  take  the  product  of  the  horizontal  distance  A^  from  the  pole  to 
the  load  line  and  the  vertical  distance  intercepted  by  the  equi- 
librium polygon  on  a  vertical  line  through  the  given  panel 
point.  Thus,  the  moment  at  joint  d,  Fig.  30  (a),  is  equal  to  the 
product  of  the  distances  A^  in  view  (c)  and  d'd"  in  view  (6). 
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PARALLEL-CHORD  TRUSSES 


THE  SINGLE-SYSTEM  WARREN  TRUSS 


INTRODUCTION 

1.  Description. — The  Warren  truss.  Fig:.  1,  is  a 
simple  type  of  truss  with  parallel  chords,  in  which  the  web 
members  are  j^ll  inclined  and  make  the  same  angle  with  the 
vertical,  giving  the  truss  the  appearance  of  a  series  of  con- 
nected isosceles  triangles;  it  is  sometimes  called  the  triangular 
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truss.  The  Warren  truss  is  used  in  deck,  through,  and  half- 
through  bridges,  is  more  frequently  built  as  a  riveted  than  as 
a  pin-connected  truss,  and  is  especially  adapted  to  the  shorter 
•pans  for  which  tnisses  are  used.  For  spans  up  to  about 
100  feel,  it  is  frequently  spoken  of  as  a  lattice  girder.  For 
longer  spans,  it  is  sometimes  built  with  subdivided  panels, 
or  with  multiple  systems  of  web  members. 
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2,  Methods  of  Calculation. — The  stresses  in  the  mem- 
bers of  the  simple  type  of  Warren  truss  can  be  readily  found, 
either  graphically  or  analytically,  by  applying  the  general 
conditions  of  equilibrium.  The  work  of  calculation  by  the 
analytic  methods  is  so  simple  that  the  graphic  method  is 
seldom  used  in  practice  for  this  type  of  truss. 

The  analytic  methods  are  illustrated  in  the  following  arti- 
cles, which  contain  the  calculations  of  the  maximum  and 
minimum  stresses  in  all  the  members  of  the  six-panel  truss 
shown  in  Fig.  1.  This  truss  has  a  span  of  90  feet  and  a 
heighi-  of  12  feet;  the  dead  load  is  taken  as  600  pounds,  and 
the  live  load  as  1,600  pounds,  per  linear  foot  of  the  bridge;  all 
the  aead  load  is  assumed  to  be  applied  at  the  joints  of  the 
loaded  chord,  and  the  truss  is  assumed  to  support  one-half 
the  entire  load  on  the  bridge. 
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3.  Panel    Loads    and    Reactions. — The    dead    panel 
load  W  for  one  truss  is  equal  to  — -  x  15  =  4,500  pounds. 

As  explained  in  Stresses  in  Bridge  T?'usses,  Part  1,  the  number 
of  panel  loads  considered  in  determining  the  reactions  is  one 
less  than  the  number  of  panels  in  the  truss.  In  this  case,  the 
number  of  panels  in  the  truss  is  six;  therefore,  only  five 
panel  loads  are  taken  into  account  in  determining  the  reac- 
tions. The  reactions i^^x'  and  Rt',  Fig.  2  (a),  due  to  the  dead 
load  are  each  equal  to 

i:^^>^  =  11,250  pounds 
2 

The  live  panel  load  W"  for  one  truss  is  equal  to  -^—  X  15 

=  12,000  pounds;  and  the  reactions  R^"  and  R,"  for  a  fully 
loaded  truss  are  each  equal  to 

'^■°"»  X-g  =  30,000  pounds 

4.  Chord  Stresses   in  General. — Chord  stresses  may 
be    conveniently    determined   by   the    method    of    sections 
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tlained  in  Stresses  in  Bridge  Trusses,  Part  1.  The  loads 
nd  reactions  for  a  typical  truss  with  dead  loads  are  shown  in 
Fig.  2  (tf).  The  method  will  be  illustrated  by  determining 
the  dead-load  stresses  in  CD  and  cd.  The  truss  may  be 
considered  cut  by  a  plane  g  intersecting  the  members  CD^ 
cD,  andcd.  The  portion  of  the  truss  to  the  left  of  section  ^ 
is  shown  in  Fig.  2  (*),  the  external  forces  being  H/  at  a. 


Pm.  t 


IV'  at  *,  W  at  r,  and  the  forces  5..  S„  and  S„  equal  numef 
ically  to  the  stresses  in  the  members  cut. 

Assuming  that  the  stress  in  CD  is  compression,  5,  will  b« 
directed  toward  the  left,  and  its  magnitude  may  be  com- 
puted by  taking  moments  of  all  the  forces  ab<»ut  r.  the 
point  of  intersection  of  5,  and  S,.  The  moments  of  the 
load  at  c  and  of  5,  and  5.  arc  each  equal  to  zero,  since 
their  lever  arms  are  cero.     Writing  the  equation  for  th« 
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moments  of  all  the  forces  shown  in  Fig.  2  (b)  about  the 
point  c,  we  have 

i^/  X  30  -  ^T'  X  15  -  5,  X  12  =  0; 
whence 

5.  = 


^-^  X  30  -  ^'  X  15 
i?/  X  30  -  PF^  X  15  ^2  1_ 

12  12 

41V'X15 


12 

As  the  value  of  ^.  comes  out  positive,  the  assumption  that 
the  stress  in  CD  is  compression  is  correct.  The  advantage 
of  taking  f  as  a  center  of  moments  is  that,  by  so  doing,  an 
equation  is  obtained  that  contains  but  one  unknown  force, 
namely,  6".;  the  other  two,  S,  and  S^,  do  not  appear  in  the 
equation,  since  the  moment  of  each  is  zero.  The  center  of 
moments  may  be  taken  at  any  point,  whether  it  is  on  the 
structure  or  not,  but  it  is  better,  if  possible,  to  take  it  at 
the  intersection  of  two  of  the  members,  thereby  elimina- 
ting the  stresses  in  those  members  from  the  equation  of 
moments. 

To  find  ^3,  the  center  of  moments  may  be  taken  at  the 
intersection  D  of  ^,  and  S^.  Assuming  the  stress  in  ^  a?  to 
be  tension,  5,  will  be  directed  toward  the  right.  Taking 
moments  about  D, 

R,'  X  37.5  -IV'X  22.5  -W'X  7.5  -  S",  X  12  =  0; 
whence      ^,  ^  ^/ X  37.5  -  ^^  X  22.5  -  P^^  X  7.5 

12 

If  this  comes  out  positive,  the  assumption  that  the  stress 
in  cd  is  tension  is  correct;  if  negative,  the  stress  is  com- 
pression, but  its  numerical  value  will  be  that  determined  by 
the  last  equation. 

In  a  similar  manner,  if  the  stress  in  D  D'  is  required, 
the  truss  may  be  considered  cut  by  a  plane  r,  intersecting 
DD',Dd,  and  cd,  or  by  a  plane  5,  intersecting  DD',  d  D\ 
and  dd .  The  portion  to  the  left  of  section  r  is  shown  in 
Fig.  2  (c);  the  portion  to  the  left  of  section  s  is  shown  in 
Fig.  2  {d).  The  proper  center  of  moments  is  d.  The  stress 
in  D  D'  will  be  assumed  as  compression;  then,  5",  will  be 


b 
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directed  toward  the  left.     Writing  the  expression  for  the 

moment  at  </, 

^/  X  45  -  Jf''  X  30  -  W^  X  15  -  5.  X  12  -  0; 

K     ^         c        ^/  X  45  -  H^^  X  30  -  H^^  X  15 
whence        o.  =  ^« 

In  Fig.  2  U),  the  lever  arms  of  5,  and  5«  are  each  zero; 
in  Fig.  2  id),  the  lever  arms  of  5,  and  5,  and  of  the  load  at  d 
are  each  zero;  hence,  these  do  not  appear  in  the  equation 
of  moments. 

The  values  of  the  other  chord  stresses  can  be  found  in 
a  similar  manner.  All  upper-chord  members  will  be  in  com- 
pression and  all  lower-chord  members  in  tension. 

5.  It  will  be  seen  that  the  numerator  of  the  expression 
for  the  stress  in  any  chord  member  is,  in  each  case,  the 
sum  of  the  moments  of  the  panel  loads  and  reactions  at  the 
left  of  the  section,  about  the  joint  opposite  the  member. 
This  sum  is  the  bending  moment  on  the  truss  at  that 
point.  The  denominator  is  the  height  of  the  truss.  We 
may,  therefore,  slate  the  following  general  principle: 

Th€  Uress  in  any  chord  member  of  a  simple  Warren  truss 
is  equal  to  the  bending  moment  on  the  truss,  at  the  joint 
opposite  the  member  considered,  divided  by  the  height  of  the 
truss. 

6,  Dead-T>oad  Chord  Stresses. — Applying  the  prin- 
ciple just  stated  to  the  determination  of  the  dead-load  chord 
stresses,  the  following  values  are  found: 

moment    at    B       11,250x7.6 


Stress  in  a  ^ 


Stress  in  be 


height  VI 

7,030  pounds,  tension, 
moment  at  C      11,250  X  22.6  -  4,500  X  7.6 


height  12 

I  ■*  18,280  pounds,  tension, 

moment  at  D 


Stress  xnc  d 


height 
11.260  X  87.6  ~  4.600  X  22.6  -  4.600  X  7.6 
12 
M  28.910  pounds,  tension. 
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Ci.         •     D^      moment  at  b       11,250  X  15 

Stress inB  C  = =  — — 

height  12 

=  14,060  pounds,  compression. 
Stress  in  CD  =  "^o"^^"^  at  c  ^  11,250  X  30  -  4,500  X  15 
height  12 

=  22,500  pounds,  compression. 

Stress  in Z)Z?'=5i^5Lent^^ 
height 
^  11,250  X  45  -  4,500  X  30  -  4,500  X  15 

12 
=  25,310  pounds,  compression. 
As  the  truss  is  symmetrical,  the  stresses  in  the  members  on 
the  right  of  the  center  are  equal  to  those  in  the  correspond- 
ing members  on  the  left.  That  is,  the  stress  in  D'C  is 
equal  to  the  stress  in  CD;  the  stress  in  C  B'  is  equal  to  the 
stress  in  B  C;  etc. 

7.  Liive-Load  Chord  Stresses. — The  maximum  bend- 
ing moments,  and,  therefore,  the  maximum  chord  stresses, 
due  to  a  moving  load,  occur  when  the  truss  is  fully  loaded. 
This  condition  of  loading  is  similar  to  the  dead  loading,  each 
panel  load  being  now  12,000  pounds,  and  each  reaction 
30,000  pounds,  in  place  of  4,500  and  11,250  pounds,  respect- 
ively. The  chord  stresses  may  be  found  in  precisely  the 
same  way  as  for  dead  loads;  thus, 

,       30,000x7.5       ^onr-f.  , 

stress  m  a  ^  =  — '- -^ =  18,750  pounds 

12 

and  so  on.     The  results  are  (using  the  minus  sign  for  tension 

and  the  plus  sign  for  compression): 

Member  Stress,  in  Pounds 

ah  -18,750 

be  -48,750 

cd  -63,750 

BC  -f  37,500 

CD  +  60.000 

DD'  -f  67,500 

8.  As  all  the  dead  load  is  assumed  as  being  applied  at 
the  joints  of  the  loaded  chord,  the  live-load  stresses  in  the 
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chords  may  be  obtained  from  the  dead-load  stresses  by  multi- 
plying the  latter  by  the  ratio  of  the  live  to  the  dead  load  per 

1  600  8 

linear  foot,  which  ratio  is  -ix;r-,  or  -.     For  example,  the 

600  3 

dead-load  stress  in  ^r  is  —18,280,  and  the  live-load  stress  is 

^  - 18,280  X  f  =»  -  48,750  pounds 
o 

9.  Maximum  and  Minimum  Chord  Stresses. — Since 
the  live-load  stress  in  any  chord  member  is  of  the  same  sign 
as  the  dead-load  stress,  the  maximum  stress  in  the  member 
IS  equal  to  the  sum  of  the  two  stresses;  and  the  minimum 
stress  is  equal  to  the  dead-load  stress. 

10.  Web  Stresses  in  General. — The  stresses  in  the  web 
members  may  be  found  by  the  method  of  shears,  explained  in 
Stresses  in  Bridge  Trusses,  Part  1.  For  example,  to  determine 
the  stress  in  the  web  member  c D,  Fig.  2  (a),  the  portion  of 
the  structure  to  the  left  of  section  q  may  be  considered  as  a 
free  body,  as  shown  in  Fig.  2  (b).  Any  of  the  conditions  of 
equilibrium  may  be  applied  to  the  forces  shown.  It  is  desir- 
able, if  possible,  to  use  an  equation  that  contains  the  web 
force  S,,  to  be  determined,  but  which  does  not  involve  either  of 
the  two  forces  St  and  S,.  As  Si  and  S,  are  horizontal,  they  will 
not  appear  in  the  equation  -  K  =  1'  S  sin  //  =  0.  Assuming 
the  stress  in  r  Z?  to  be  compression,  S,  will  act  downwards  to  the 
left.    Writing  the  expression  for  2'  K  =  -  5  sin  //  =  0  gives 

I  y  ^  Ri'  -W  -  W  -  vertical  component  of  5,  =  0; 
that  is.  denoting  the  angle  DcS%  by  //, 

^/  -2VV'  -  S,  sin  //  =  0; 
whence  S,  sin  H  ^  R,'  -  iW 

and  5.  -  ^'  T  W  -  (^.'  -  2  W)  CSC  H 

.  sm  H 

The  term  Rt  —  2  Jf '  is  the  shear  on  the  section  q\  there- 
ore,  the  vertical  component  5",  sin  H  of  5",  is  numerically 
equal  to  the  shear  on  the  plane  of  section  that  cuts  c  D.  In 
general,  the  following  principle  may  be  stated: 

For  single-system  parallel-chord  trusses,  the  vertical  component 
vf  the  strtu  in  any  web  member  is  numerically  equal  to  the  sheaf 
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on  the  plane  of  section  cutting  that  web  member  and  the  two 
chord  members  between  which  the  web  member  lies;  and  the  stress 
in  the  same  web  member  is  numerically  equal  to  the  shear  just 
referred  to,  midtiplied  by  the  cosecant  of  the  angle  that  the  member 
makes  with  the  horizontal. 

11.  Character  of  Web  Stresses. — If  the  shear  on 
section  q,  Fig.  2  {b) ,  is  positive,  the  resultant  of  the  external 
vertical  forces  on  the  left  of  the  section  acts  upwards;  then 
Si  must  act  downwards,  and  the  stress  in  ^Z>  is  compression. 
If  the  shear  is  negative,  S^  acts  upwards,  and  the  stress  vac D 
is  tension.  If  the  shear  on  section  r,  Fig.  2  (c),  is  positive, 
the  resultant  of  the  external  forces  on  the  left  acts  upwards, 
S^  acts  downwards,  and  the  stress  in  Dd  is  tension.  If  the 
shear  is  negative,  S^  acts  upwards,  and  the  stress  m  D  d  is 
compression.  These  conclusions  may  be  stated  as  a  general 
principle  thus: 

In  those  web  members  inclining  downwards  toward  the  left 
or  upwards  toward  the  rights  positive  shear  causes  compression^ 
and  negative  shear  tension;  in  those  web  members  inclining 
upwards  toward  the  left  or  downwards  toward  the  rights  posi- 
tive shear  causes  tension^  and  negative  shear  compressioyi. 

12.  Dead-Load  Shears  and  Web  Stresses. — In  order 
to  calculate  the  stresses  in  the  web  members  due  to  dead 
load,  it  will  be  convenient  first  to  find  the  shears  on  the 
sections  cut  by  the  planes  o,p,  q' ,  etc.,  Fig.  3  (a).  They  are 
as  follows: 


Member 

Section 

Shear,  in  Pounds 

aB 

0 

+  11,250 

Bb 

P 

+  11,250 

bC 

^ 

+    6,750 

Cc 

r* 

+    6,750 

cD 

sT 

+    2,250 

Dd 

t 

+    2,250 

dLf 

u 

-    2,250 

From  symmetry,  tne  sbears  to  the  right  of  the  center  d 
will  be  equal  and  of  opposite  sign  to  the  corresponding 
shears   on   the   left.     For   example,    the   shear   on   section 
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/  is  +  2,250  pounds,  and  that  on  section  «  is  —  2,250  pounds. 
The  shears  on  the  sections  o  and  p  are  equal,  as  are  also 
those  on  g'  and  r*,  and  those  on  /  and  /;  because,  in  each  case, 
the  two  planes  are  passed  between  the  same  two  panel  loads, 
that  is.  in  the  same  panel  of  the  loaded  chord;  and.  as  in 
the  present  case  there  are  no  loads  applied  at  the  joints  of 
the  unloaded  chord,  the  shears  on  all  sections  in  any  panel 
are  equal.  As  all  shears  to  the  left  of  d  are  positive,  the 
stresses  in  the  members  aB,bC,  and  c  D  that  incline  down- 


IJ    \\ 


Fto.  % 


wards  toward  the  left  are  com- 
pression, and  the  stresses  in  the 
members  Bb,Cc,  and  Dd  that 
incline  upwards  toward  the  left 
are  tension.  On  the  right  of 
the  center,  the  shears  are  neg- 
ative; and  the  stresses  in  the  members  that  incline  down- 
wards toward  the  left  are  tension,  while  the  stresses  in  those 
that  incline  upwards  toward  the  left  are  compression.  In 
the  present  case,  the  stresses  xnaB  and  B  b  are  equal  and  o( 
opposite  signs,  as  are  also  those  in  ^  C  and  Cc,  etc. 

Referring  to  Fig.  3  (a),  and  applying  the  general  prin- 
ciple given  in  Art.  10,  we  have 

Vi 


C8C  /^  ■■  CSC  BaK 


Ba         ^BK  '\'aK 
BK  ■  BK 


BK 


Vl2*  -H  7.5' 
IS 


-  1.18 
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The  web  stresses  can  now  be  computed.     They  are  as 

follows: 

Member  Stress,  in  Pounds 

aB,  a'B'  11,250  X  1.18  =  +  13,280 
Bb,  B'b'  11,250  X  1.18  =  -  13,280 
bC,b'C'  6,750X1.18=+    7,970 

Cc,  C'c'  6,750  X  1.18  =  -    7,970 

cD,  c'  D'  2,250  X  1.18  =  +    2,660 

Dd,D'd  2,250X1.18=-    2,660 

13.  Live-Iioad  Shears  and  Web  Stresses. — The 
stresses  caused  in  the  web  members  by  the  live  load  may  be 
found  from  the  shears.  As  the  maximum  stresses  are 
desired,  the  truss  must  be  so  loaded  as  to  cause  the  maxi- 
mum shear  for  each  case.  The  approximate  method  of 
loading  explained  in  Stresses  in  Bridge  Trusses,.  Vsiri  1,  will 
be  used.  The  maximum  positive  shear  in  any  panel  occurs 
when  all  joints  to  the  right  of  the  panel  are  loaded;  the 
maximum  negative  shear  occurs  when  all  joints  to  the  left 
are  loaded.  Thus,  in  member  Cc,  Fig.  3  {a),  the  maximum 
tension  occurs  when  all  joints  from  c  to  b'  are  loaded;  and 
the  maximum  compression  occurs  when  the  joint  b  is  loaded. 
When  joints  c  to  b'  are  loaded,  the  left  reaction  is 

lMOOXll±2  +  3_+4)  ^  20,000  pounds 

As  there  is  no  load  at  b,  the  only  force  acting  on  the  por- 
tion of  the  truss  to  the  left  of  r'  is  the  left  reaction.  Then, 
the  shear  in  the  panel  be  is  equal  to  the  left  reaction, 
Fig.  3  {b),  or  20,000  poeinds.  The  stress  in  Cc  is  equal  to 
the  shear  in  panel  be  multiplied  by  esc  H;  or, 

stress  in  Cr  =  20,000  X  1.18  =  23,600  pounds,  tension 
In  like  manner,  the  stress  in  any  other  member  may  be 
found.     The  maximum  positive  live  shears  are  as  follows: 

D.^TT,,  T^.x.  Shear,  IN 

Panel  Load  Pounds 

a  h  From  b  to  b'  30,000 

be  From  c  toy  20,000 

cd  YxomdXob'  12,000 

dd  At  c>  and  b'  6,000 

(fV  Axb'  2,000 


p 
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In  the  panel  1/  a'  there  can  be  no  positive  shear. 

The  maximum  negative  shear  in  any  panel  is  numerically 
equal  to  the  maximum  positive  shear  in  the  corresponding 
panel  at  the  other  end  of  the  truss.  The  maximum  and 
minimum  stresses  in  the  members  can  now  be  found  by 
multiplying  the  respective  shears  by  esc  H.  These  stresses 
are  given  in  the  following  table: 


Panel 

Member 

Positive 
Shear 

Stress  Due  to 
Positive  Shear 

Negative 
Shear 

Stress  Due 

to  Negative 

Shear 

Puunds 

Pounds 

Pounds 

Pounds 

ab 

aB 

30,000 

+  35.400 

ab 

Bb 

30,000 

-  35.400 

be 

bC 

20,000 

+  23,600 

2,000 

-  2,360 

be 

Cc 

20,000 

—  23,600 

2,000 

+  2,360 

ed 

eD 

12,000 

+  14,160 

6,000 

—  7,080 

ed 

Dd 

12,000 

.—  14,160 

6,000 

-f  7.080 

14.     Combined     Shears     and     Web     Stresses. — The 

maximum  and  minimum  stresses  caused  in  the  members  on 
the  left  of  the  center  by  combined  dead  and  live  loads  may 
be  found  by  multiplying  the  maximum  and  minimum  shears, 
respectively,  by  esc  H.  The  maximum  shear  in  any  panel 
is  equal  to  the  sum  of  the  positive  dead-load  and  the  positive 
live-load  shear  in  the  panel;  the  minimum  shear  is  equal  to 
the  algebraic  sum  of  the  positive  dead-load  and  the  negative 
live-load  shear  in  the  panel.  In  columns  3  and  5  of  the 
following  table  are  given  the  maximum  and  minimum 
shears,  respectively;  while  in  columns  4  and  6  are  given  the 
maximum  and  minimum  stresses,  respectively,  each  stress 
being  obtained  by  multiplying  the  corresi>onding  shear  by 
CSC  H. 

In  the  members  aB  and  Bb^  the  minimum  stresses  are 
equal  to  the  dead-load  stresses,  as  there  can  be  no  negative 
live-load  shear  in  the  panel  ab.  The  minimum  stresses  in 
c  D  and  Dd  are  of  opposite  sign  to  the  maximum,  because 
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in  the  panel  cd  the  negative  live-load  shear  exceeds  the  posi 
tive   dead-load    shear.     Under    the  special   conditions   here 
assumed,  the  combined  shear  is  positive  when  the  joints  to 
the  right  of  d  are  loaded,  and  negative  when  those  to  the 


I 

2 

3 

4 

5 

6 

Maximum 

Maximum 

Minimum 

Minimum 

Panel 

Member 

Shear 

Stress 

Shear 

Stress 

Pounds 

Pounds 

Pounds 

Pounds 

ab 

aB 

+  41,250 

+  48,680 

+  11,250 

+  13,280 

ab 

Bb 

+  41.250 

-  48,680 

+  11,250 

—  13,280 

be 

bC 

+  26,750 

+  31,570 

+    4,750 

+    5,610 

be 

Cc 

+  26,750 

-  31,570 

+    4,750 

-     5,610 

ed 

eD 

+  14,250 

-f  16,820 

-     3,750 

-    4,420 

ed 

Dd 

+  14,250 

—  16,820 

-     3,750 

+    4,420 

left  of  d  are  loaded.  This  is  an  important  point,  and  shows 
that,  in  the  present  case,  the  members  e  D  and  D  d  are  some- 
times in  tension  and  sometimes  in  compression,  according  to 
the  position  of  the  live  load.  The  two  values  of  the  stress 
given   for  each   member  are  the  extreme  values  that  can 


O        L--/6F50        b         L'-48?50        c        L'' -63750 
Oeac/' and  Live 'Load  Stresses 
Pio.  4 

exist  in  that  member  for  the  given  loads.  In  each  of  the 
members  aB,  Bb,  b  C,  and  Cc,  the  stress  may  have  any 
value  between  the  extreme  values,  and  such  stresses  will 
always  be  of  the  same  kind,  that  is,  tension  or  compression. 
In  each  of  the  members  cD  and  Dd,  the  stress  may  have 
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any  value  between  the  positive  and  the  negative  value  given. 
The  stress  in  each  member  will  reverse  when  the  combined 
shear  changes  from  positive  to  negative. 

The  stresses  in  all  the  members  are  shown  in  Figs.  4  and  5, 
which  should  be  carefully  studied.     In  Fig.  4,  L  represents 


•t-  5/560 


D' 


-^Xijo        6        -/e&ao 

Naximum  an^  Minimum  Sfrtaama 
Pio.  5 

the  live-load  stress,  and  D  the  dead-load  stress.  In  Fig.  5, 
the  maximum  is  placed  above  and  the  minimum  below  the 
line  representing  the  member.  Notice  how  the  maximum 
and  minimum  stresses  in  Fig.  5  are  obtained  by  addition 
from  the  stresses  in  Fig.  4. 


METHOD    OF    JOINTS 

16.  For  purposes  of  comparison,  the  maximum  and  min- 
imum stresses  in  the  example  of  Art.  2  will  be  calculated  by 
the  method  of  joints.  The  truss  is  represented  in  Fig.  6  (/I), 
the  dead  panel  load  being  4,500  pounds,  and  the  live  panel 
load,  12,000  pounds.     The  figure  gives 

cot//«  QoiBa/C  =  f^- 7|"-^26 

and,  as  before  (Art.  12),  esc  H  «  1.18. 

16.  Dead-Load  Stresses. — It  will  be  convenient  to 
start  at  joint  a,  as  there  are  only  two  unknown  stresses  at 
that  joint. 

Joint  a. — This  joint  is  represented  as  a  free  body  in 
Fig.  6  (a),  the  forces  acting  on  it  being  the  reaction 
R,'  «  11.250  poands.  and  the  forces  5,  and  5.,  the  last  two 


AT 


7X"   "Xt     7\     p~ 


/-Sf« 


/>», 


r^; 


\33  / 


\8^ 


\>^7  /  \Su 


\&z 


H 

a/f- — i- 


\,-  J  V  U 


4600 

0>) 


\Sy 


^'8. 


cm 


4.500 

(c) 


11 


ESSES  TV  RRIOr.F  TRUSSES.  PART  2        15 

representing  the  stresses  in  aB  and  a  d,  respectively.  The 
stress  in  aB  will  be  assumed  as  compression,  and  that  in  a^ 
as  tension.  Then,  5*,  will  act  downwards  to  the  left,  and  S, 
horizontally  to  the  right.  From  the  general  conditions  of 
equilibrium,  we  have,  since  the  vertical  component  of  St  is 
zero, 

ly  =  /?/-5.  sin^=0; 
whence  5,  sin  //  =  ^,'  =  11 ,250  pounds 

and 

5.  =  11.250  CSC  ^  =  11,250  X  1.18 
=  13,280  pounds,  compression  in  a^ 
Likewise,  since  ^/  has  no  horizontal  component, 
H  X  ^  S,cos//-S,  =  0; 
whence 

S,  =  Si  cos  ^=11 ,250  CSC  //  cos  /I 

»  11250?^ 
sm  // 

-  11.250  cot  //  =  11,250  X  .625 
=  7,030  pounds,  tension  in  a  ^ 
Jm'ni  B. — This  joint  is  represented  in  Fig.  6  (B),  the  forces 
acting  on  it  being  St,  S,,  and  S,,  which  represent  the  stresses 
::!  aB,Bb,  and  BC,  respectively.     The   force  St  is  known 
nd  acts  upwards  to   the  right;   the   stress  in  ^^  will  be 
ssumed  as  tension,  and  that  in  ^Cas  compression.     Then, 
S,  will  act  downwards  to  the  right,  and  5.  horizontally  to  the 
left.     From  the  conditions  of  equilibrium, 

i'  r  =  5,  sin  //  -  5.  sin  //  =  0; 
whence        S,  sin  //  =  St  sin  //  =»  11,250  pounds 
and   5'*  =  11,250  esc  H  »  13,280  pounds,  tension  in  B  b 
Likewise, 

IX  -  5,  cos  // -\- S,  cos  // -  S»  -  0; 
whence 

S.  -  (5. +  5.)  cos//-  (11.250  esc //+  11,250  esc  iV)  cos  ^ 

«  22.500  CSC  //  cos  //  «  22.500  cot  // 

—  14,060  pounds,  compression  in  ^C 

Joint  b. — This  joint  is  represented  in  Fig.  6  (3),  the  forces 

ticting  on  it  being  S„  S„  S»,  and  S„  which  represent  the 

stresses  in  ab,  Bb,  bC,  and  be,  respectively;  and  the  panel 
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lead  of  4,500  pounds.  The  latter  acts  vertically  dowp.- 
wards,  ^,  acts  horizontally  to  the  left,  and  S^  acts  upwards 
to  the  left;  S,  and  Se  are  unknown.  The  stress  in  d  C 
will  be  assumed  as  compression,  and  that  in  be  as  tension. 
Then,  St  will  act  downwards  to  the  left  and  S^  horizontally 
to  the  right. 

i"  r  =  5,  sin  H-  4,500  -  5s  sin  H  =  0; 
whence 

5.  sin  B  =  S.sinH-  4,500  =  11,250  -  4,500 
=  6,750  pounds 
and 

Ss  =  6,750  CSC  1/  =  7,970  pounds,  compression  in  bC 
Likewise, 

IX  =  S, -\- S,  cos  // -\-  St  cos  H-S,  =  0; 
whence 
S,  =  S,  -\-  S3  cos  1/  +  St  cos  1/ 

=  11,250  cot  i^+  11,250  csc^cos/2^+  6,750  csc^cos// 
=  29,250  cot  H  =  18,280  pounds,  tension  in  dc 
Joint  C. — This  joint  is  represented  in  Fig-.  6  (C),  the  forces 
acting  on  it  being  ►S'*,  ►S',,  S,,  and  S^,  which  represent  the 
stresses  in  ^  C,  ^  C,  Cc,  and  CD,  respectively;  6'4  acts  hori- 
zontally to  the  right,  St  upwards  toward  the  right,  while  Si 
and  St  are  unknown.  The  stress  in  Cc  will  be  assumed  as 
tension,  and  that  in  CD  as  compression.  Then,  S,  will  act 
downwards  to  the  right,  and  ►Ss  horizontally  to  the  left. 

I  Y  =  St  sin  H  -  S,  sin  H  =  0; 
whence 

S,  sin  H  =  St  sin  H  =^  6,750  pounds 
and 

S,  =  6,750  CSC  H  =  7,970  pounds,  tension  in  Cc 
Likewise, 

IX  =  S,  +  St  cos  1/ +  S,  COS  H-Ss  =  0; 
whence 
S,  =  S^  +  St  cos  //  +  Sr  cos  H 

=  22,500  cot  //  +  6,750  esc  HcosH  +  6,750  esc  H  cos  H 
=  36,000  cot  H  =  22,500  pounds,  compression  in  CD 
Joint  c. — This  joint  is  represented  in  Fig.  6  {c) ,  the  forces 
acting  on  it  being  6",,  S,,  S„  and  Sio,  which  represent  the 
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H&lly  to  the  left,  and  S,  upwards  to  the  left;  while  S,  and  5*,, 
re  unknown.  The  stress  in  cD  will  be  assumed  as  cora- 
ression.  and  that  in  r</  as  tension.  Then,  S,  will  act 
ownwards  to  the  left,  and  S,,  horizontally  to  the  right. 

i"  K  =  5.  sin  ^-  5.  sin  //-  4,500  =  0; 
.hence 

.  sin  H  ^  S.sxnH-  4,500  =  6,750  -  4,500  =  2,250  pounds 
•id 
5,  =  2,250  CSC  H  =  2,660  pounds,  compression  m  c  D 
Likewise, 

2  A'  =  S.-^S,  cos  //'{-S.cosN-  5..  =  Ot 
whence 
S„  =  5",  +  5,  cos  N  -\-  S,  cos  H 

=  29,250  cot  //  +  6,750  esc  HcosH-\-  2,250  esc  ^Z  cos  H 

=  38.250 cot//  =  23,910  pounds,  tension  xncd 

Joint  D. — This  joint  is  represented  in  Fig.  6  (Z>),  the  forces 

acting  on  it  being  S,,  S„  S,,,  and  S",,,  which  represent  the 

stresses  in  CD,  cD,  Dd,   and  Diy,  respectively;  S,  acts 

'horizontally  to  the  right,  and  5,  upwards  to  the  right;  while 

,.  and  St,  are  unknown.     The  stress  in  Dd  will  be  assumed 

s  tension,  and  that  in  D  D'  as  compression.     Then,  Sn  will 

.ict  downwards  to  the  right,  and  5',.  horizontally  to  the  left. 

2'  K  =  5.  sin  //  -  5,.  sin  //  =  0; 
■hence 

5",,  sin  //  =  S,  sin  //  =  2,250  pounds 
nd 

5..  s  2,250  CSC  If  =  2,660  pounds,  tension  in  Dd 
Likewise, 

1  X  nz  5.  +  5.  cof  //  +  5..  cos  //-S„  =  0; 

whence 

5„  =  S,-k-  S,  cos  //  4-  S,t  cos  >y 

-  86,000  cot  N  +  2.250  esc  HcosH-^  2.250  esc  //cot  ^ 

B  40.500  cot  /^  3B  25,310  pounds,  compression  in  D  D' 

Joint  d. — This  joint  is  represented  in  Fig.  6  (</).     It  is  cvi- 

ent  at  once  that  5"..  is  numerically  equal  to  5...  and  that  5,. 

>  Dumerically  equal  to  5i,.     Therefore,  the  stress  in  d  P'  is 

.  660  pounds  tension,  and  that  in  dc*  is  23,910  pounds  tension 
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It  is  unnecessary  to  proceed  further  than  joint  d,  as  the 
stresses  in  the  members  at  the  right  end  are  the  same  as 
those  in  the  corresponding  members  at  the  left  end. 

From  the  preceding  discussion,  it  may  be  seen  that  the 
stress  in  any  web  member  is  equal  to  the  algebraic  sum  of 
all  the  vertical  forces  that  act  on  the  truss  on  the  left  of  the 
member  considered,  that  is,  to  the  shear  in  the  panel  in  which 
the  member  is  located,  multiplied  by  csc/T  (see  Art.  10). 

17.     For  the  chord  members,  it  is  convenient  to  refer 
again    to    the   stress  in  one  of   the  members,  such  as  cd, 
Fig.  6  ic)  (joint  c).     The  equation  H  X  =  0  gives 
^10  =  S,  +  S,  cos  H  +  S,  cos  // 
Substituting  for  5.  its  value  S,  +  ►S',  cos  //"  +  5,  cos  //, 
S^o  =  Si  +  S3  cos  H  +  St  cos  H+  S,  cos  //  -\-  S,  cos  // 
Likewise,  substituting  for  S^  its  value  SiCosH, 
Sio  =  kS",  cos  H  +  S3  cos  JI  +  St  cos  H  -\-  S,  cos  H  •\-  S,  cos  U 
Letting  K,,  Y3,  etc.  represent  the  vertical  components  of 
the  stresses  Sx,  S^,  etc.,  and  substituting  for  5",,  kSj,  etc.  their 
values  YiCscH,  V^cscH,  etc.,  respectively,  we  have 
^.o  =  K,  CSC /^  cos // +  y»  CSC //"  cos  ^  +  Kjcsc/Tcos^ 
+  V,  CSC  1/ cos  H  +  y,  csc/^cos/^ 
=  F,  cot//+  y3Coti¥+  VtCotI/+  Y,cotH 

+  Y,coiH  =  (r.  +  K,  +  r.  +  r,  +  yjcot^ 

Now,  F,  cot  H,  F,  cot  H,  etc.  are  the  horizontal  compo- 
nents of  the  stresses  in  aB,Bb,  etc.,  respectively,  and  the 
sum  of  these  components  from  F,  cot  H  to  F,  cot  H  is  the 
algebraic  sum  of  the  horizontal  components  of  the  stresses 
in  all  the  web  members  that  connect  with  the  lower  chord 
at  the  left  of  c  d.  In  like  manner,  it  may  be  shown  that 
the  stress  in  D  D'  is  equal  to  the  algebraic  sum  of  the 
horizontal  components  of  the  stresses  in  all  the  web  mem- 
bers that  connect  with  the  upper  chord  to  the  left  of  D  jy. 
In  general. 

The  stress  in  any  portion  of  either  chord  is  equal  to  the  alge- 
braic sum  of  the  horizontal  components  of  the  stresses  in  all  the 
web  members  that  connect  with  the  chord  at  the  left  of  the  Portion 
considered. 


I 
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IP  18.  In  the  present  case,  the  web  members  all  make  the 
same  anc^le  with  the  horizontal;  that  is,  H  is  constant,  and 
the  stress  5,.  in  a  chord  member,  such  as  cd,  is  equal  to 
(  K.  +  J^.  +  K.  -f  K  +  K.)  cot  H.  Letting  1 Y  represent  the 
sum  of  the  vertical  components  in  all  the  web  members  that 
connect  with  a  chord  at  the  left  of  any  portion,  then,  the  stress 
in  that  portion  may  be  found  by  the  formula 
5  =  i'KXcot// 

In  applyins:  this  formula  to  the  determination  of  the  stress 
in  a  chord  member,  care  must  be  taken  that  the  horizontal 
components  are  given  the  proper  signs.  For  example,  for 
c  d,  the  truss  may  be  considered  cut  by  the  section  Pq^ 
Fig.  6  (^),  and  the  portion  below  and  to  the  left  of  this  sec- 
tion treated  as  a  free  body.  The  horizontal  forces  that  act 
on  this  portion  are  the  horizontal  components  of  5",,  5„  etc., 
and  the  stress  in  cd'.  Si,  S„  and  5.  act  downwards  to  the 
left,  and  5",  and  5",  act  upwards  to  the  left;  therefore,  all  the 
horizontal  components  of  these  stresses  act  to  the  left,  and 
in  finding  S,,  the  vertical  components  of  the  stresses  from 
St  to  S,  must  be  added  numerically  to  find  -  V. 

From  the  foregoing,  the  following  general  rule  is  derived; 

To  find  the  stress  in  any  web  member  of  a  single-system  Warren 
truss  by  the  method  of  joints,  multiply  the  shear  in  the  panel  in 
•which  the  member  is  located  by  esc  H;  to  find  the  stress  in  any 
chord  member,  multiply  by  cot  H  the  algebraic  sum  of  all  the 
shears  used  in  obtaining  the  stresses  in  all  the  web  members  that 
connect  with  the  chord  at  the  left  of  the  member  considered. 

The  application  of  this  rule  can  be  greatly  simplified  by 
constructing  a  diagram,  as  shown  in  Fig.  7.  A  sketch  of  the 
truss  is  drawn  (not  necessarily  to  scale)  and  on  the  upper 
side  of  each  web  member  is  written,  with  its  proper  sign  and 
as  the  coefficient  of  esc  H,  the  shear  in  the  panel  in  which  the 
member  is  located.  On  the  upper  side  of  each  chord  member 
i:{  written,  as  the  coeflficient  of  cot  H,  the  algebraic  sum  of 
the  shears  that  have  been  written  on  all  the  web  members 
that  connect  with  the  chord  at  the  left  of  the  member  con- 
sidered. On  the  under  side  of  each  member  is  written  the 
.•tress  obtained  by  performing  the  indicated  multiplication. 


20 
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The  plus  and  minus  signs  written  before  the  stresses  indicate, 
as  usual,  compression  and  tension,  respectively.  Thus,  in 
Fig,  7,  the  coefficient  4-6,750  of  esc  //  on  c  C  is  the  shear 
in  the  panel  i>c:  the  product  6,750  esc  //  gives  7,970,  which 
is  the  numerical  value  of  the  stress  in  cC.  The  coeffi- 
cient +  29,250  of  cot  N  on  dc  is  the  algebraic  sum  of  the 
shears  written  on  the  members  ad,  Bb,  and  bC;  the  prod- 
uct 29,250  cot  H  gives  18,280,  which  is  the  numerical  value 
of  the  stress  in  be. 

19,  Llve-lioad  Chord  Stresses. — As  the  chord  stresses 
re  greatest  when  the  truss  is  fully  loaded,  it  is  necessary 

iifst  to  find  the  shears  due  to  a  full  live  load.     They  are 

as  follows: 

Panbl  Shsar,  in  Pounds 

ab  30,000 

be  18,000 

cd  6,000 

These  values  are  written  on  the  upper  side  of  the  web 
members,  as  shown  in  Fig.  8,  and  the  coefficients  of  cot  H 
for  the  chord  stresses  are  found  by  adding  the  shears  as 
explained  in  Art.  18.  Then,  the  stresses  in  the  chord  mem- 
'>ers  are  obtained  by  performing  the  multiplications  indicated, 
:id  the  results  written  on  the  under  sides  of  the  members. 

20,  L.lve-r.ond  Web  Stresses. — The  shears  that  were 
-und  in  Art.  19  are  those  due  to  full  live  load,  the  shear  in 

cwiy  panel  being  the  difference  between  the  left  reaction  and 
the  sum  of  all  the  panel  loads  between  the  left  reaction 

nd  the  panel  under  consideration.     For  example,  the  shear 

n  panel  cd  due  to  full  live  load  is 

12.000(1  +  2  +  3  +  4  +  6)  _( ,2,000  +  12.000) 
6 


or, 


12.000(1  +  2 


+  8)j^p_2.000U-f  6)  ,  (12.000^  12.000)] 


6  J  •  L  6 

.  [12.000(1  +  2  +  8)1  _  [12,000  (1  +  2)1 
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The  expression  contained  in  the  left-hand  brackets  of  the 
last  member  of  this  equation  is  the  left  reaction  that  would 
be  caused  by  loads  at  d,  c',  and  b',  if  they  were  the  only  loads 
on  the  truss;  it  was  explained  in  Art.  13  that  this  is  the 
maximum  positive  live-load  shear  in  panel  cd.  Also,  the 
expression  contained  in  the  right-hand  bracket  is  the  maxi- 
mum negative  live-load  shear  in  panel  cd.  From  this  the 
following  principle  is  obtained: 

77^1?  shear  in  any  panel  of  a  truss  due  to  full  live  load  is  equal 
to  the  algebraic  sum  of  the  maximum  live-load  positive  shear 
and  the  maximum  live-load  negative  shear  that  can  occur  in 
that  panel. 

Let    V"  =  shear  in  any  panel  due  to  full  live  load; 

Vf"  =  maximum    positive    live-load    shear   that   can 

occur  in  that  panel; 
V„"  =  maximum    negative  live-load    shear   that  can 
occur; 
then,  V"  =   Vp"  +  V„"; 

whence  V,"  =   V"  -  V„"; 

that  is,  the  maximum  positive  live-load  shear  in  any  panel 
may  be  found  by  subtracting  algebraically  the  maximum  nega- 
tive live-load  shear  that  can  occur  in  the  panel  from  the  shear 
due  to  full  live  load.  This  principle  is  of  special  value  in 
finding  live-load  web  stresses  by  the  method  of  joints;  the 
shear  in  each  panel  due  to  full  load  is  found  in  connection 
with  the  chord  stresses;  the  maximum  negative  shear  in 
each  panel  is  then  found  in  order  to  get  the  minimum 
stresses  in  the  members;  then,  the  maximum  positive  shear 
in  any  panel  may  be  found  by  subtracting  algebraically  the 
maximum  negative  shear  from  the  shear  in  the  panel  due  to 
full  load. 

In  panel  ab  there  can  be  no  negative  shear.  Then,  in  this 
panel  the  maximum  live-load  stresses  occur  when  the  truss 
is  fully  loaded;  esc  //  may  be  written  after  the  shear  that 
has  been  written  on  a  B  and  Bd  (30,000  pounds).  Fig.  8, 
and  the  stresses  found  by  multiplying  that  shear  by  esc  H 
(1.18).  The  results  are  written  on  the  other  side  of  the  lines 
that  represent  aB  and  B  b.     On  the   other  web  members. 
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ctly  under  the  values  of  the  shear  due  to  full  load,  are 
itten,  as  coefficients  of  esc  //,  the  maximum  negative  live- 
load  shear  and  the  maximum  positive  live-load  shear,  the 
latter  bein^  obtained  by  subtracting,  algebraically,  the  nega- 
tive shear  from  the  shear  due  to  full  load.  The  maxi- 
mum and  minimum  stresses  are  obtained  by  performing 
the  multiplications  indicated,  and  the  results  are  written 
on  the  under  side  of  the  members.  As  stated  in  Art.  18, 
the  plus  and  minus  signs  written  before  the  stresses  represent 
compression  and  tension,  respectively.  Thus,  in  panel  be. 
Fig.  8.  the  shear  due  to  full  load  ( +  18,000  pounds)  is  written 
on  ^C  and  Cc\  the  maximum  negative  shear  (  —2,000  pounds) 

1  written  under  -t- 18,000,  and  is  the  coefficient  of  esc  H  for 
the  minimum  live-load  stresses  in  ^  C  and  Cc.  The  algebraic 
difference  between  the  shear  due  to  full  load  and  the  maximum 
negative  shear,  +18.000- (-2,000)  =  +20,000  pounds,  is 
then  written  under  —2,000  esc  H,  as  the  coefficient  of  esc  H, 
for  the  maximum  live-load  stresses  in  ^  C  and  Cc.     These 

tresses  are  obtained  by  performing  the  multiplications,  and 
their  values  are  written  on  the  under  sides  of  the  members. 
Thus,  for  the  member  b  C,  the  maximum  live-load  stress  is 
20,000  esc  H,  or  +.23,600  pounds;  the  minimum  live-load 
stress  is  —2.000  esc  H,  or  —2.360  pounds. 

From  the  foregoing,  the  following  general  rule  is  obtained: 

To  find  the  maxivmm  and  minimum  live-load  stresses  in  the 

ueb  members  of  a  single-system  IVarrcn  truss,  when  the  s hears 

due  to  full  live  load  are  known,  write  on  each  member  the  max- 

nium  negative  livc'load  shear  in  the  panel  in  which  the  member 
■i  located,  and  multiply  it  by  esc  H  for  the  minimum  stress; 

ubtraet,  algebraically,  the  maximum  negative  shear  from  that 
due  to  full  load,  and  multiply  the  result  for  each  number  by 
CSC  H  for  the  maximum  stresses. 

The  combined  stresses  are  found  in  the  same  way  as  in 
Art.  14. 

BxAMPLB. — ThetruM  repreteoted  in  Pig.  9  is  a  seven-panel  through 
•Varren  truss,  with  dimensions  as  shown.  The  dead  load  is  1.000 
l>ounds.  and  the  live  load,  2,000  pounds  per  linear  foot  of  bridge. 
Asaaming  that  oii*>third  of  a  d««d  panal  load  it  applied  at  each  of  th« 
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joints  of  the  upper  chord,  and  two-thirds  at  the  joints  of  the  lower 
chord,  find,  by  the  method  of  joints,  the  max- 
imum and  minimum  stresses  in  all  the  members. 


The   figure    gives 
CSC  H  — 


Solution. — Each  dead  panel  load  is  equal  to 

1,000X15       .  ,^  , 
n =  /,500  pounds 

of  which  5,000  pounds  is  applied  at  the  joints  of 

the  lower  chord,  and  2,500  pounds  at  the  joints 

of  the  upper  chord.    It  will  be  noticed  that  there 

are  six  joints  in  the  lower  chord  and  seven  in 

the  upper  chord.     It  is  customary  to  assume  that 

one-third  of  a  panel  load  is  applied  at  each  of 

the  joints  of  the  upper  chord.     The  dead-load 

reaction  for  one  truss  is  equal  to 

5,000  X  6  ,  2.500  X  7       __  __.  , 
^ 1 ^ =  23,750  pounds 

Each  live  panel  load  is  equal  to 

2,000X15       _---  - 

=  15,000  pounds 


2 

and   the  live-load  reaction 
loaded  is  equal  to 
15,000  X  6 


for   one   truss  fully 


45,000  pounds 

As  a  portion  of  the  dead  load  is  applied  at  the 
upper-chord  joints,  which  lie  midway  between 
the  joints  of  the  lower  chord,  the  dead-load  shear 
in  any  panel  of  the  lower  chord  is  not  constant. 
For  example,  in  the  panel  be,  the  dead-load 
shear  from  ^  to  C  is  equal  to 

23,750  -  (5,000  +  2,500)  =  16,250  pounds 
while  from  C  to  t:  it  is 
23,750  -  (5,000  +  2,500  -f  2,500) ,  or  13,750  pounds 


Vl4'-f7.5' 
14 


=  1.134;  cot//  =  Vr  =  -5357 


7.5 
14 


The  dead  load  stresses,  found  by  the  rule  given  in  Art.  18,  are 
indicated  in  Fig.  10  (a);  the  live-load  stresses,  found  by  the  rule  given 
in  Art.  20,  are  indicated  in  Fig.  10  [b).  As  the  dead-load  and  live- 
load  stresses  are  not  required  separately,  the  work  will  be  shortened 
in  the  present  case  by  combining  the  coefficients  of  esc //and  cot//, 
respectively,  and  indicating  the  maximum  and  minimum  stresses,  as 
represented  in  Fig.  10(c).  There  remains  now  simply  the  operation 
of  multiplying  these  coefficients  by  esc  H  and  cot  H,  respectively,  to 
get  the  maximum  and  the  minimum  combined  stresses,  as  repre- 
sented in  Fig.  10  {d) .     The  student  should  verify  the  values  of  these 


I 

B*9oooocofH  C*tsooooCofHD*faoooocofME^faoooocot.H 
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stresses.  The  signs  of  the  coefficients  given  in  Figs.  10  {a)  and  {d)  are 
the  signs  of  the  shears;  the  minus  and  plus  signs  in  Fig.  10  [c)  and  {d) 
represent  tension  and  compression,  respectively. 


THE    DECK    WARREN    TRUSS 

21.  When  used  in  a  deck  bridge,  the  Warren  truss  may 
be  supported  either  as  show^n  in  Fig.  11  or  as  shown  in 
Fig.  12.  The  live  load  is  supported  at  the  joints  of  the 
upper  chord;  the  dead  load  may  be  assumed  to  be  applied  at 


c' 


B' 


J}  J)' 

Fig. 11 

the  joints  of  the  upper  chord,  or  one-third  of  it  at  the  joints 
of  the  lower  chord.  In  calculating  the  stresses,  the  same 
methods  and  rules  are  used  as  for  the  through  truss. 

In  Fig.  11,  each  panel  load  is  a  full  load.     In  Fig.  12,  the 
loads  are  supported  between  A  and  B,  and  between  B'  and  A', 

d'  c'  b' 


Fig.  12 

by  the  end  stringers,  one  end  of  which  rests  on  the  abut- 
ments, and  the  other  end  connects  with  the  floorbeam  at  B 
or  B'.  As  the  distances  AB  and  B'  A'  are  each  equal  to  a 
half  panel,  each  of  the  joints  B  and  B'  supports  three-quarters 
of  a  panel  load,  and  this  value  must  be  used  at  these  joints 
in  the  calculation  of  reactions  and  stresses. 


EXAMPLES    FOR    PRACTICE 

1.  Suppose  that  the  truss  represented  in  Fig.  9  has  a  span  of  112  feet, 
and  a  height  of  16  feet;  if  the  dead  load  is  equal  to  800  pounds,  all  of 
which  is  applied  at  the  joints  of  the  loaded  chord,  and  the  live  load  is 
1,800  pounds  per  linear  foot  of  bridge,  find:  (a)  the  maximum  and 
minimum  combined  s*:resses  in  the  members  be,  CD,  and  dd',  using 


Mbmbbr 

be 
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OBMtbod   of   j(MnL<i;    (d)  the  maximum    and    rainimam  combined 
I  in  the  members  aB,bC,  and  d  D,  using  the  method  of  sections. 

Stress,  in  Pounds 

Maximum 

-    83  2«iO 

An%.l(o)\CD      H   IW.OU) 

1        {dtf       -  llM.WM) 

\ib)    bC       +    4H.IO0 
I        \d D       -    30.JU0 

2.  Let  Piff.  9  represent  a  seven-panel  deck  Warren  truss  having 
the  same  loads  and  dimensions  as  in  example  1  and  supported  in  a 
manner  similar  to  that  shown  in  Fig.  12.  What  are  the  maximum  and 
minimum  stresses  due  to  combined  dead  and  live  lead:  (a)  in  the 
members  be,  CD,  and  dd',  using  the  method  of  sections?  {b)  in  the 
members  Bb,  bC,  and  Dd,  using  ths  method  of  joints? 


Minimum 

-  2.'>.«iiO 
-f  32.000 

-  :«.-i()0 

-»-21.M)0 
+  12.000 

-  250 


Ans. 


Member 


Stress,  in  Pounds 
Maximum     Minimum 


(a) 


(*) 


\be 
CD 
d(f 
Bb 
bC 
Dd 


—  85  «^*> 
+  1" 

-  1. 


-  2«.400 

-:n.2oo 

-  17.(100 

-  IT.MW 
-r   ti.oU) 


THE  WARREN  TRUSS  WITH  SUBVERTICAI.^ 
22.     IH'Afrf  ption. — The  simple  type  of    Warren   trtiss 
can  be  used  for  span   Vncrths  up  to  about  125  feet.     For 
longer  spans,  it  is  i  e  to  fulfil  the  economical  con- 

ditions of  height,  panel  length,  and  slope  of  diagonals.  If 
the  proper  height  of  truss  is  used  and  the  diagonals  are 
given  an  economical  inclination,  the  panels  will  be  too  long, 
and  it  is  advisable  to  subdivide  them.  This  may  be  accom- 
plished in  several  ways,  one  of  which  is  to  use  a  Warren 
truss  with  vertical  members  attached  to  the  joints  of  the 
unloaded  chord,  dividing  each  panel  of  the  loaded  chord 
into  two  equal  panels.  The  truss  is  then  called  the  Wnrr<»n 
triififi  ■with  siibvertlcnlK.  The  vertical  members  are  ten- 
sion members  in  a  through  truss  and  compression  members 
in  a  deck  truss.  All  the  other  membf-^  cr.rr/.spond  in  every 
way  to  those  in  the  through  Warren  i  Fig.  1.     The 

method  of  calculation  is  the  same  m  for  the  single-system 
Warren  tmsft* 
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In  Fig.  13  (a)  is  represented  a  twelve-panel  through  Warren 
truss  with  subverticals,  having  a  span  of  180  feet  and  a  height 
of  24  feet.  Each  panel  load  will  be  denoted  by  W,  and  the 
reactions,  as  usual,  by  ^,  and  J^,. 


Fig.  13 

23.  Chord  Stresses. — The  stresses  in  the  upper-chord 
members  may  be  found  by  dividing  the  bending  moments 
at  the  opposite  joints  d,  c,  d,  etc.  by  the  height  of  the  truss; 
the  stresses  in  the  lower-chord  members  may  be  found  by 
means  of  the  bending  moments  at  B,  C,D,  etc.  (see  Art.  5). 
Thus,  for  the  stresses  m  B  C  and  b  i,  the  truss  may  be  con- 
sidered cut  by  a  plane  g.  The  portion  to  the  left  of  section  g 
is  shown  in  Fig.  13  [b) ,  Si,  St,  and  S^  representing  the 
stresses  in  the  members  B  C,  b  C,  and  b  i,  respectively.  The 
stress  in  5  C  is  compression,  and  so  6",  will  act  horizontally 
to  the  left;  the  stress  in  bi  is  tension,  and  so  S,  will  act 

For  the  stress  in  B  C,  the  center 
Then, 
W^Xl5-5.  X24  =  0; 


horizontally  to  the  right, 
of  moments  is  taken  at  b. 

whence 

7?.  X30-  IVX  15 


5.  = 


bending  moment  at  b 


24  24 

For  the  stress  in  b  i,  the  center  of  moments  is  taken  at  C. 
Then, 

IM  =  >^.  X  45  -  Wy.  30  -  WX  15  -  5.  X  24  =  0; 


Si  KK^.--»i 
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hence 

24 


bending  moment  at  C 
24 

For  the  stress  in  ic,  the  joint  /  is  treated  as  a  free  body, 
as  shown  in  Fig.  13  (r).  The  only  horizontal  forces  are  5. 
and  S»;  therefore,  they  are  equal  and  opposite,  and  the 
stress  in  ic  is  equal  to  the  stress  in  d  i.  In  like  manner, 
the  stress  in  a  A  is  equal  to  the  stress  in  h  6;  the  stress 
in  c;  is  equal  to  the  stress  in  j'd,  etc.  Other  chord  stresses 
may  be  determined  in  the  same  way  as  those  here  explained. 

24.  Web  Stresses. — The  stress  in  each  vertical  is 
tension  and  equal  to  the  load  applied  at  the  foot  of  the  ver- 
tical. This  is  evident  when  the  equation  -  K  =  0  is  applied 
to  the  forces  acting  on  such  a  joint  as  /,  Fig.  13  (r).  The 
only  vertical  forces  being  S»  and  the  panel  load  IV,  they  must 
be  equal  and  opposite.  Therefore,  the  stress  in  each  vertical 
is  equal  to  a  panel  load.  The  other  web  stresses  may  be 
found  by  the  method  of  shears  already  explained  (Art.  10). 

25.  Deck  Bridgre. — If  the  through  truss  in  Fig.  13  is 
inverted  and  used  as  a  deck  truss,  as  shown  in  Fig.  14,  the 
maximum  stresses  in  members  having  the  same  letters  in 


Pio.  14 


the  two  figures  will  be  numerically  equal,  but  of  opposite 
characters.  If  the  truss  is  supported  as  shown  in  Fig.  15,  the 
stresses  in  all  the  members  but  the  verticals  will  be  of  the 


AlAIAIAIAiAj 
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same  characters  and  have  the  same  numerical  values  as 
those  in  the  corresponding  members  in  the  through  truss  in 
Pig.  13.    The  verticals  will  be  in  compression. 
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EXAMPLES     FOR    PRACTICE 

1.  Suppose  that,  in  the  bridge  shown  in  Fig.  13,  the  dead  load  is 
1,000  pounds,  and  the  live  load,  2,200  pounds,  per  linear  foot. 
Assume  that  all  the  dead  load  is  applied  at  the  joints  of  the  loaded 
chord.  What  are  the  maximum  and  minimum  stresses,  due  to  the 
combined  dead  and  live  load,  in  all  the  members? 

Stress,  in  Pounds 
Maximum     Minimum 


A.ns. 


Member 


a  B,  a'  B< 

B  C  B'  C 

CD.  CD' 

DD' 

ah,  hb,  a' h',  h' b' 

0  z,  i  c,  b'  i' ,  i'  c' 

cj\  j  d,  c'  f ,  f  d 


-\-  155.700 
+  150,000 
+  240,000 
+  270,000 

-  82,500 

-  202,500 

-  262,500 


Bh,  Ci,  Dj,  D'f,  C'i',  B' h'  -    24,000 


Bb,  B'b', 
b  C,  b'  C 
Cc,  C'c' 
c  D,c'  ly 
Dd,  D'd 


-  129.000 
+  104,000 

-  80,500 
+    58,700 

-  38,500 


+  48,600 
+  46,900 
+  75,000 
+  84,400 

-  25,800 
-^3,300 

-  82,000 

-  7,500 

-  38,200 
+  26,000 

-  12,400 

-  2,900 
+  19,900 


2.  Let  Fig.  16  be  a  ten-panel  deck  bridge  having  a  span  length  of 
150  feet  and  a  height  of  20  feet.  If  the  dead  load  is  900  pounds,  and 
the  live  load,  2,000  pounds,  per  linear  foot,  and  it  is  assumed  that  all 


-10  Panels  at  15  ft.=  150  ft.- 
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the  dead  load  is  applied  at  the  joints  of  the  loaded  chord,  find:  [a)  the 
maximum  and  minimum  stresses  in  the  members  ab,  Bb,  Gb,  and  bC 
due  to  combined  dead  and  live  load;  {b)  the  maximum  and  minimum 
stresses  in  the  members  be,  H D,  c D,  and  cc'  due  to  combined  dead 
and  live  load. 

Member 


Ans. 


Stress,  in  Pounds 
Maximum     Minimum 


{a) 


{b) 


ab 

-    7.S,400 

-  22,800 

Bb 

-    97,000 

-  27,700 

Gb 

+    21,800 

+    6.800 

bC 

+    73,600 

+  15,.5()0 

be 

-  171,300 

-  53.200 

H  D 

+  195,800 

+  60, KK) 

cD 

+    32,300 

-  14.500 

cc' 

-  203,900 

-  63.300 
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rE   DOrnLE-INTERSECTION  WARREN  TRUSS 

•_'♦;.     i>.  >..  liptlon. — Fig.  17  (a)  shows  another  type  o£ 

W  1  :cn  truss  with  subdivided  panels,  which  was  extensively 

:>c  i  in  the  past  and  is  used  to  some  extent  at  the  present 

me.     The  simple  VVarren  truss  is  shown  in  full  lines,  the 

panels  being  subdivided  by  the  addition  of  the  web  members 

shown  in  dotted  lines  parallel  to  the  full-line  members  and 

B         C         D         B         r         B'        D'       C* 


t 


\  / 


\^      P       W       P'      W      i** 
S         I  I  S  t  3 

!\  'n  '\  /\  '^  'i 

I        \  '  \  '  \  '  N  '  \  '  • 

?a  I?'- |T<f I?; i>''""'P''  ^ 

tc         O  O  O  O  9         3 
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half  way  between  them.     The  two  sets  of  web  members  are 

'tiled  the  two  sysUms  of  web.     Such  a  truss  is  called  a  double 

ystem,  or  double  Intersection,  Wnrren  truH«,  and  some> 

times  simply  a  double  Warren  truss.     The  joints  of  one 

<  vstem  are  in  each  case  vertically  opposite  the  joints  of  the 

ther.     As  the  end  diagonals  of  the  dotted  system  slope 

upwards,  it  is  necessary  to  provide  a  vertical  member,  called 

the  vert  leal  end  post,  and  produce  the  top  chord  at  each  end. 
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27.  Methods  of  Calculation. — If  the  truss  shown  in 
Fig.  17  (a)  is  considered  cut  by  a  plane  that  intersects  two 
chord  members,  that  plane  will  cut  also  two  web  members, 
and  there  will  be  four  unknown  stresses.  As  there  are  only 
three  equations  of  equilibrium,  they  are  not  sufficient  for  the 
determination  of  the  four  unknown  stresses  unless  some 
assumption  is  made  regarding  the  distribution  of  stress 
among  the  several  members  cut  by  the  plane.  It  is  cus- 
tomary to  assume  that  the  two  systems  of  web  members  act 
independently,  or,  in  other  words,  that  they  are  the  web 
members  of  two  independent  trusses  lying  in  the  same  plane, 
the  top  and  bottom  chords  being  common  to  both  trusses. 
The  stresses  in  the  web  members  of  each  system  may  be 
found  from  the  loads  that  come  on  the  system;  and  the 
chord  stresses  may  be  found  by  properly  combining  the 
chord  stresses  of  the  two  systems.  This  will  be  made 
clearer  by  studying  Figs.  17  (d)  and  (c).  The  system  shown 
as  a  truss  in  Fig.  17  id)  is  assumed  to  support  the  loads 
at  c,  <?,  e',  c',  B,  D,  F,  D',  and  B'.  The  web  stresses  due  to 
these  loads  are  the  actual  web  stresses  in  the  corresponding 
members  of  the  truss  shown  in  Fig.  17  (a);  and  the  chord 
stresses  are  partial  or  component  chord  stresses.  The  sys- 
tem shown  as  a  truss  in  Fig.  17  {c)  is  assumed  to  support 
the  loads  at  b,  d,  f,  d',  b> ,  A,  C,  E,  E',  C\  and  A'.  The  web 
stresses  due  to  these  loads  are  the  actual  web  stresses;  the 
chord  stresses  are  component  chord  stresses.  The  actual 
chord  stresses  may  be  found  by  adding  the  stresses  found  in 
the  two  systems. 

The  double-intersection  Warren  truss  may  be  used  in  a 
deck  or  in  a  through  bridge.  The  stresses  are  calculated  in 
the  same  way  for  the  two  kinds.  As  the  analytic  method 
of  calculation  is  shorter  than  the  graphic,  the  latter  will 
not  be  considered.  The  method  of  calculation  can  best 
be  illustrated  by  an  example.  For  this  purpose,  the  dead- 
load  stresses  in  the  truss  shown  in  Fig.  17  {a)  will  be 
determined.  The  trus<^  has  ten  panels,  the  span  length  is 
150  feet,  and  the  height  20  feet.  The  dead  load  will  be  taken 
r\s  1,000  pounds  per  linear  foot  of  bridge,  one-third  of  which 


■iietb 
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supposed    to  be   applied  at   the   unloaded  chord.     The 
ethod  of  joints  is  best  adapted  to  this  case. 

28.  Pauel  Loads  and  Reactions. — The  truss  may  be 
divided  into  the  two  systems  shown  in  Fig.  17  (6)  and  (r). 
For  convenience  of  reference,  the  system  shown  in  full  lines 
in  Fig.  V7  id)  may  be  called  the  primary  system,  and  that 
shown  in  dotted  lines  in  Fig.  17  (c),  the  secondary  system. 
The  dead  panel  load  is  equal  to 

1.000  X  15  ^  7  gQQ  p^^^^ 

of  which  2,500  is  supported  at  each  of  the  top  joints,  and 
5,000  at  each  of   the  bottom  joints.     The  primary  system 
supports  four  loads  of  5,000  and  five  loads  of  2.500  pounds. 
Therefore,  the  reaction  for  the  primary  system  is 
4X5.000  +  5X2.500  _  ,g  ^50  pounds 

£ 

The  secondary  system  supports  five  loads  of  5,000  and 
four  loads  of  2,500  pounds.  Therefore,  the  reaction  for  the 
secondary  system  is 

6X5.000  +  4X2.500  _  „^  ^^^ 

In  addition  to  this,  there  is  a  half-panel  load  of  1,250  pounds 
at  each  of  the  end  joints  of  the  top  chord.  Then,  the  total 
reaction  for  the  secondary  system  is  equal  to  18,750  pounds. 
The  loads  and  reactions  for  the  primary  systems  are  shown 
in  Fig.  17  (b);  those  for  the  secondary  system,  in  Fig.  17  (c). 
As  in  previous  cases,  

cot  N  "  cot  Ba6  «  ^  =  .76;  esc  N  =  ^^'J"  ^^'  -  1.25 
20  20 

29.  Web  Stresses.— -The  stress  in  the  vertical  end  post 
ts  equal  to  the  reaction  of  the  secondary  system.  The  ver- 
tical components  of  the  web  stresses  in  each  system  may  be 
written  directly  by  finding  the  shears,  and  the  stresses  found 
from  them  by  multiplying  by  esc  //.  It  should  be  borne  in 
mind  that  each  system  is  treated  as  an  independent  truss 
loaded  as  shown  in  Figs.  17  (d)  and  ic);  also,  that,  in  deter* 
mining  the  shear  on  any  section,  both  the  lower-  and  the  upper- 

hord  loads  should  be  taken  into  account.     Thus,  the  shear 
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on  a  plane  cutting  DF,De,  and  ce.  Fig.  17  {b) ,  is  16,250 
-  (2,500  +  5,000  +  2,500),  or  the  algebraic  sum  of  the 
external  forces  acting  at  a,  B,  c,  and  D. 

The  web  stresses,  whose  values  should  be  verified  by  the 
student,  are: 

Member  Stress,  in  Pounds 

a  A  +18,750 

aB  16,250  X  1.25  =  +20,300 

Ab  17,500  X  1.25  =  -21,900 

b  C  12,500  X  1.25  =  +  15,600 

Be  13,7-50  X  1.25  =  -  17,200 

cD  ■          8,750  X  1.25  =  +10,900 

Cd  10,000  X  1.25  =  -  12,500 

dE  5,000  X  1.25  =  +    6,250 

De  6,250  X  1.25  =  -    7,800 

eF  1,250  X  1.25  =  +    1,600 

■    Ef  2,500  X  1.25  =  -   3,100 

30.  Chord  Stresses. — As  explained  in  Art.  17,  the 
stress  in  any  chord  member  of  a  single-system  Warren  truss 
is  equal  to  the  algebraic  sum  of  the  horizontal  components  of 
the  stresses  in  all  the  web  members  that  connect  with  the 
chord  on  the  left  (or  righ't)  of  the  member  in  question. 
For  example,  the  stress  in  D F,  Fig.  17  {b),  is  equal  to  the 
sum  of  the  horizontal  components  in  aB,  Be,  c D,  and  D e] 
the  stress  in  E  E\  Fig.  17  [c),  is  equal  to  the  sum  of  the 
horizontal  components  in  A  b,  b  C,  Cd,  dE,  and  Ef.  The 
stress  in  E F,  Fig.  17  {a),  equals  the  sum  of  the  stresses  in 
DF,  Fig.  17  ((^),  and  EE',  Fig.  17  {c).  Therefore,  the  stress 
in  EF  equals  the  sum  of  the  horizontal  components 
in  A  b,  aB,  Be,  b  C,  Cd,  e D,  D e,  d E,  and  Et.     In  general, 

The  stress  in  any  ehord  viember  of  a  double  Warren  truss  is 
equal  to  the  algebraic  sum  of  the  horizontal  components  of  the 
stresses  in  all  the  web  members  that  connect  with  the  chord  on  the 
left  {or  right)  of  the  member  considered. 

Keeping  in  mind  that  the  horizontal  component  of  the  stress 
in  any  web  member  is  equal  to  the  vertical  component  multi- 
plied by  cot  H,  the  chord  stresses  may  be  written  as  follows: 
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St&kss.  n«  PouKOS 

17.600  X  .75  -  +  13  100 

/•'  (17,600 +16.230+ 13.750)  X  .75  - +35.«U0 

CD  .   .     (17.600  +  16.250  +  13.750  +  12.600  +  10,000) x  .75  -  +  52.500 
D£  .  .  (17.600  +  16.250  +  13.750  +  12.500  +  10,000  +  8.750 

+  6.250)  X  .76  -  +  63.760 

EF.   .  (17.500  +  16.250  +  13.750  +  12,600  +  10,000  +  8,760 

+  6.250  +  6,000  +  2.600)  X  .76  -  +  69,400 

FE*     .  (17.600  +  16.250  +  13.760  +  12,600  +  10,000  +  8,750 

+  6,250  +  6,000  +  2,600+1,260- 1.250)  X  .75       -+69.400 

*y6  .  16.250  X  .75  -  -  12.200 

Ar.  .    .    ( 16.250 +17.600  + 12,500)  X  .76  - -34,700 

cd (46.250 +13.750  + 8.750)  X  .75  - -51,600 

dr (68.750  +  10.000  +  6,0l«0)  X  .76 -- 62.800 

tf (83.760 +  6.250  + 1,250)  X  .75  -  -68.400 

ff' (91,250 +  2,500- 2,500)  X  .76  - -68,400 

31.  Llve-I^oad  Stresses. — Th»  live-load  stresses  may 
be  found  in  precisely  the  same  way  as  the  dead-load  stresses, 
by  separating  the  truss  into  two  systems.  For  the  maximum 
chord  stresses,  each  system  should  be  fully  loaded,  and  the 
stresses  in  the  members  added  together  to  get  the  combined 
or  actual  stresses.  For  the  maximum  web  stresse*?,  the  por- 
tion of  each  system  that  will  give  the  maximum  shear  (posi- 
tive or  negative)  in  the  various  panels  must  be  loaded;  the 
stresses  found  from  the  shears  will  be  the  actual  maximum 
and  minimum  live-load  stresses  in  the  web  members. 


EXAMPLE    FOR    PRACTICE 

If  the  live  load  on  the  bridge  described  in  Art.  20  and  illustrated  in 
Fig.  17  is  2,200  poands  per  linear  foot,  determiner  (a)  the  maximum 
and  minimum  combined  stresses  in  the  members  E  F,  F /,f  F,  aode  f, 
using  the  dead-load  stresses  found  in  the  preceding  pages;  (6)  the 
maximum  and  minimum  combined  stresses  in  the  members  B  C,  Be, 
6C.  uttddc. 


Ant. 


(«) 


(*) 


Stmbss.  in 

POtTKDS 

iBBR 

MAXiMtm 

MiNiMtm 

{AF 

+  224.100 

+  60.400 

Ef 

-    21. 71)0 

+   fi.IOO 

eh 

+    13.«I0 

-  lO.MlO 

ef 

-  216.9I« 

-  tW.4t)0 

\RC 

+  im.ooo 

+  .%'».«4IJl) 

He 

-    6H.M0 

-  17.2()0 

bC 

+    4K.«'.<)0 

+  13.HO0 

be 

lOU.OOO 

•  34.700 
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THE  DOUBLE  WARREN  TRUSS  WITH 
SUBVERTICALS 

32.  Description. — Fig.  18  (a)  shows  the  double  Warren 
truss  with  subverticals  that  subdivide  each  panel  of  the 
loaded  chord  into  two  equal  panels.  In  this  truss,  the  loads 
at  the  intermediate  joints  b,  d,  /,  etc.  act  on  both  systems  at 
the  intersections  B,  D,  F,  etc.  of  the  web  members,  and  on 
this  account  it  is  impossible  to  separate  the  truss  into  two 
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A/ 

a      b 

0 

defghilig/e 

(a) 
Q      P 

a                     G 

d'     e      b'     a 
C 

X 

/\ 

¥\ 

a       b 
A 

d       e      f              h      i      ji             f       c 

(b) 

E                              I                              E 

d'            b'     a* 
A 

\/ 

d/      J^j-       hZ.     ^F       kC 

abed 


h  h     g     f 

(c) 
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V  \^ 


independent  systems.  However,  an  assumption  is  usually 
made  that  is  probably  very  close  to  the  actual  distribution  of 
stresses.  As  in  the  case  of  the  truss  described  in  the  pre- 
ceding articles,  one  of  the  two  systems  formed  by  the  inclined 
members  is  called  the  primary;  the  other,  the  secondary. 

33.     Method  of  Calculation. — The  stress  in  each  sub- 
vertical  is  evidently  tension,  and  equal  to  the  panel  load  at 
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its  lower  joint.  In  finding:  the  stresses  in  the  other  members, 
it  is  customary  to  assume  that  each  system  carries  one-half 
of  the  load  transmitted  by  the  subverticals  to  the  joints 
B,D,F,  etc.  Thus,  in  Figs.  18  (b)  and  (c),  which  shows  the 
primary  and  secondary  systems,  together  with  the  sub- 
verticals,  each  of  the  joints  b,  d,  /,  etc.  is  supposed  to  carry 
one-half  of  a  panel  load  to  each  system.  The  stresses  are 
found  in  almost  the  same  manner  as  in  the  double  Warren 
truss  without  subverticals,  except  that,  in  treating  each  sys- 
tem as  an  independent  truss,  external  forces,  representing 
the  action  of  the  other  system  on  the  system  under  con- 
sideration, must  be  introduced  at  the  joints  Z>,  /*,  etc.,  as 
will  be  explained  presently. 

34.     Web  Stresses. — If  the   general  equation  of  equi- 

iibrium  2*K  =  2' 5"  sin  H  =  0  is  applied  to  all  the  external 

forces  acting  on  one  side  of  a  plane  of  section  that  cuts  a 

web  member  and  two  chord  members  of  either  system,  such 

as  section  q.  Fig.  18  {b),  it  will  be  seen  that  the  vertical 

component  of  the  stress  in  the  web  member  is  equal  to  the 

shear  on  the  section,  and   the  stress  is  equal  to  the  shear 

multiplied  by  esc  H.     For  the  maximum  or  minimum  stress 

in  any  member,  the  system  in  which  the  member  occurs 

hould  be  loaded  on  the  right  or  left  of  the  member,  in  the 

ame  way  as  in  a  single-system  Warren  truss. 

Consider  the  sections  q  and  A  Fiff.  18  {b).     Denoting  the 

>ad  at  each  lower-chord  joint  by  IV,  the  vertical  component  of 

W  WW 

ihe  stress  in  CD  is  R^'  — ^r-,  and  that  in  De  is  Rx  — --; 

2  2        2 

then,  the  horizontal  component  of  the  stress  in  CD  is  cqtial 

Y^/  _  ^jcot  H,  and  in  De,  to  Ir,'  -  ^  ""  y)~'  ^' 

Writing  the  expression  for  the  sum  of  the  horizontal  forces 

at  joint  D  of  the  primary  system,  shown  in  Fig.  18  (d),  we 

have 

IX  "  5,  cos  H-Sxcos  H 

.:  (/?/ -  ^)cot  N - (^.'  -  -*!'  -  .^cot  N^^cot//. 
from  which  it  will  be  seen  that  there  is  an  txnbalanced  force. 
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equal  to  —  cot  H,  acting  horizontally  to  the  left,  which  must 

be  held  in  equilibrium  by  the  force  vSa,  equal  to  —  cot  H^ 

acting  horizontally  to  the  right.  It  may  be  shown  that  at 
the  joint  D  of  the  secondary  system  there  is  also  an  unbal- 
anced force  equal  to  —  cot  //",  acting  horizontally  to  the  right, 

which  holds  in  equilibrium  the  unbalanced  force  at  joint  D  of 
the  primary  system.  This  force,  which  may  be  called  Sz,  is 
exerted  at  each  joint  {B,D,F,  etc.)  of  each  system  by  the 
other  system,  and  may  be  considered  as  an  external  force  in 
writing  equations. 

35.  Chord  Stresses. — The  maximum  chord  stresses 
obtain  when  there  is  a  full  live  load;  the  minimum,  when 
there  is  no  live  load  on  the  truss.  The  stress  in  any  member 
may  be  found  by  properly  combining  the  partial  stresses  in 
the  two  systems.  When  all  the  stresses  are  desired,  the 
method  of  joints  is  the  shorter;  when  only  one  or  two 
stresses  are  desired,  the  method  of  moments  is  shorter. 

For  example,  the  stress  in  EG,  Fig.  18  {a),  is  equal  to 
the  stress  in  C G,  Fig.  18  [b) ,  plus  the  stress  \nEI,  Fig.l8(<:). 
By  the  method  of  joints,  the  stress  in  CG,  Fig.  18  {b),  is 
equal  to  the  sum  of  the  horizontal  components  of  the 
stresses  in  ^  C  and  CD;  the  stress  in  EI  is  equal  to  the 
sum  of  the  horizontal  components  of  the  stresses  in  A  B,DE, 
and  E  F. 

If  it  is  desired  to  calculate  the  stress  in  any  chord  member 
by  the  method  of  moments,  it  is  necessary  to  take  into 
account  the  moments  of  the  horizontal  forces  5,.  As  these 
forces  are  alternately  opposite  in  direction,  it  is  convenient 
to  pass  the  planes  of  section  through  the  truss  in  such  a  way 
that  there  will  be  an  even  number  of  intermediate  joints  on 
the  portion  of  the  truss  considered.  Then,  the  moment  of 
the  forces  S^  on  one  side  of  the  section  about  the  center  of 
moments  will  be  zero  (since  there  will  be  an  even  number 
whose  resultant  is  zero),  and  they  need  not  be  considered  in 
the  equation  of  moments.     In  the  present  case,  the  planes 


r 
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nay  be  passed  between  a  and  b,  d  and  /,  h  and  h\  etc.  Thus, 
tor  the  stress  in  a  by  the  truss  may  be  cut  by  a  vertical  plane 
in  panel  a  b,  or  in  panel  de,  and  the  center  of  moments  taken 
at  B  or  C.    With  the  center  of  moments  at  B,  the  stress  in  a  ^  is 

k  k 

2 

ana,   with  the  center  of  moments  at  C  and  section  p,  the 
stress  in  a^  is,  as  before, 

h  ^        h 

In  this  case,  the  load  at  Z>,  beins^  on  the  right  of  the 
center  of  moments,  has  a  positive,  or  right-handed,  moment, 
and  similar  cases  must  be  carefully  treated  in  order  to  get 
the  signs  correct.  The  stress  in  any  chord  member  may  be 
found  in  a  manner  similar  to  that  just  given. 


EXAMPLE    FOR    PRACTICE 

If  the  sizteeo-panel  through  doable  Warren  truss  shown  in 
Fig.  18  (a)  has  a  span  length  of  192  feet  and  a  height  of  SO  feet, 
and  the  dead  load  is  1.200  pounds  per  linear  foot  of  bridge,  all  applied 
at  the  joints  of  the  loaded  chord,  what  are  the  dead-load  stresses  in 
the  members  CE,e f,G I,Ff,CD,e F,  and  ///? 


Ans  ' 


Stksss. 

iM  Potmos 

C£ 

-h  57.600 

ef 

-  77,S00 

GI 

+  92.200 

Ff 

-    7.200 

CD 

-27.«J0 

eF 

+  13.MX) 

HI 

0 

TDE  MULTIPLE-SYSTEM  W AHHFV  OR  LATTICE 

TKl'SS 

30.  Di-scrlptlon. — When  it  is  desirable  to  build  a  very 
deep  truss  of  the  Warren  type,  an  economical  inclination  of 
diagonal  and  panel  length  may  be  used  by  adding  two  or 
three  additional  systems  of  web  members  to  the  simple  type 
of  truss,  and  subdividing  the  main  panels  into  three  or  foor 
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equal  panels.  When  there  are  four  systems,  as  shown  io 
Fig.  19  (a),  the  truss  is  called  a  quadruple-system,  or 
•luadruple-lntersectlon,  Warren  truss.  All  trusses  of 
this  type  are  included  tmder  the  general  heading  of  "mul- 
tiple-system" or  "lattice  trusses,"  and  are  usually  built  as 
riveted  trusses.  The  web  members  of  the  different  systems 
are  riveted  together  at  their  intersections.  Fig.  19  (a)  rep- 
resents a  quadruple-intersection  Warren  truss  with  the  four 
systems  shown  in  single  and  double  full  and  dotted  lines. 
For  convenience  of  reference,  the  system  shown  in  single 
full  lines  in  Fig.  19  {d)  will  be  called  \ht  primary  system;  that 
shown  in  double  full  lines,  Fig.  19  (r),  the  secondary  system; 
that  shown  in  single  dotted  lines,  Fig.  19  (</),  the  tertiary 
system;  and  that  shown  in  double  dotted  lines,  Fig.  19  (e)^ 
the  quaternary  system. 

37.  Analysis  of  Stresses. — It  is  customary  to  assume 
that  the  only  stresses  in  each  system  are  those  caused  by 
the  loads  directly  applied  to  it.  Although  this  assumption 
is  not  strictly  correct,  it  is  probably  as  close  as  any  assump- 
tion that  can  be  made  concerning  the  distribution  of  the 
stresses.  The  effect  of  connecting  the  web  members  to 
each  other  at  every  intersection  is  ignored  in  the  calculation 
of  stresses. 

The  stresses  may  be  found  in  the  same  general  way  as 
the  stresses  in  the  double  Warren  truss,  by  dividing  the 
truss  into  separate  systems  and  calculating  the  stresses  in 
the  members  of  each  system  due  to  the  loads  that  come  on 
it.  The  stresses  in  those  members  (such  as  web  members) 
that  occur  in  only  one  system  are  the  actual  stresses;  in 
those  that  occur  in  more  than  one  system,  they  are  com- 
ponent stresses,  and  the  actual  stresses  are  found  by  properly 
combining  the  component  stresses  in  the  different  system! 
in  which  the  members  occur.  The  analytic  method  is  best 
adapted  to  the  determination  of  the  stresses. 

38.  stresses  In  Primary  System.— Fig.  19  (^)  shows 

he  primary  system,  which  is  a  single-intersection  four-panel 
symmetrical  Warren  trtiM  supported  at  the  points  a  and  «f. 
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The  tnaxirr.um  and  minimum  stresses  are  found  in  the  ordi- 
nary way;  the  stresses  in  the  web  members  are  the  actual 
stresses  in  these  members.  The  stresses  in  the  chord  mem- 
bers are  component  stresses. 

39.  stresses  In  Secondary  System. — Fig.  19  (c) 
shows  the  secondary  system,  which  is  a  single-system  sym- 
metrical Warren  truss  supported  at  the  points  A  and  A'  by 
the  verticals  a  A  and  a' A'.  The  maximum  and  minimum 
stresses  are  found  in  the  ordinary  way;  the  stresses  in  the 
members  a  A  and  a'  A',  and  the  stresses  in  the  chord  mem- 
bers are  component  stresses,  as  these  members  occur  in 
more  than  one  system;  the  stresses  in  the  inclined  web  mem- 
bers are  the  actual  stresses. 

40.  stresses  in  Tertiary  System. — Fig.  19  (d)  shows 
the  tertiary  system,  which  is  an  unsymmetrical  single-sys- 
tem Warren  truss  in  which  the  end  diagonals  slope  differ- 
ently froin  the  others.  The  truss  is  supported  at  the  point  A 
by  the  vertical  a  A,  and  at  the  point  a'  by  the  abutment. 
The  maximum  and  minimum  stresses  are  found  in  the  same 
way  as  for  the  single-system  Warren  truss.  The  stress 
in  a  -^  is  equal  to  the  left  reaction.  The  stress  in  any  chord 
member  is  equal  to  the  bending  moment  due  to  the  loads  on 
the  system,  at  the  joint  opposite  the  member,  divided  by  the 
height  of  the  truss.  The  stress  in  any  web  member  is  equal 
to  the  shear  in  the  panel  in  which  the  member  is  located, 
multiplied  by  the  cosecant  of  the  angle  that  the  member 
makes  with  the  horizontal.  As  this  system  is  unsymmetrical, 
it  is  necessary  to  find  the  dead-load  stress  and  the  maximum 
and  minimum  live-load  stresses  in  every  member,  instead  of 
finding  them  for  only  those  members  that  are  situated  on 
one  side  of  the  center,  as  heretofore. 

The  maximum  live-load  chord  stresses  will  occur  when 
the  truss  is  fully  loaded;  the  maximum  live-load  stress  in 
any  web  member  due  to  positive  shear,  when  all  joints  to 
the  right  of  the  member  are  loaded;  the  maximum  live-load 
web  stresses  due  to  negative  shear,  when  all  joints  to  the 
left  of  the  member  are  'oaded. 
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Stresses   In    Quaternnry    System.  —  i' ig.    19    ie) 

ows  the  quaternary  system,  which  is  the  same  as  the 
tertiary  system  turned  end  for  end.  The  remarks  made  in 
connection  with  the  tertiary  system  apply  here.  The  maxi- 
mum and  minimum  stresses  in  any  member  of  the  quater<. 
nary  system  are  equal  to  the  stresses  in  the  corresponding 
member  at  the  other  end  of  the  tertiary  system.  Thus,  the 
stress  in  Z?'^  is  equal  to  the  stress  in  Dd. 

42.  Stresses  In  End  Members. — In  calculating  the 
actual  stress  in  the  end  diagonals,  such  &s  a  B,  A  b,  etc.,  it 
should  be  remembered  that  the  angle//,,  Fig.  19  (</)  and  (^), 
for  these  members  is  different  from  the  angle  H  for  the 
remaining  diagonals,  and  that,  therefore,  the  cosecant  and 
cotangent  will  have  different  values  for  the  two  angles.  If 
the  stresses  are  found  by  the  method  of  joints,  it  should  be 

noted  that  cot  //.  =  — *. -,  and  that,  then, 

hor.  comp.  in  a ^  =  vert.  comp.  m  aB  X  — ^  — 
^  vert,  comp.  in  g^^^^^^ 

This  gives  the  value  of  the  horizontal  comp)onent  in  the 
end  diagonal  to  be  used  in  finding  chord  stresses  by  the 
method  of  joints,  as  explained  in  Art.  18. 

43.  Actual  8tre»»e«.~The  stresses  found  for  the 
diagonals  in  the  different  systems  are  the  actual  stresses  in 
the  diagonals.  The  member  a  A  occurs  in  two  systems, 
and  the  actual  stress  in  it  is  equal  to  the  sum  of  the  stresses 
in  a  A,  as  found  in  the  two  systems.  The  chord  member 
A  B  occurs  in  two  systems;  B  C,  in  three;  C/?,  in  four;  etc. 

44.  Determination  of  Stresses  by  Method  of  Sec- 
tions.— To  illustrate  the  calculation  of  the  stresses  by  the 
method  of  sections,  let  Fig.  19  (a)  be  a  sixteen-panel  through 
bridge  having  a  span  length  of  200  feet  and  a  height  of 
30  feet;  let  the  dead  load  be  1.200  pounds  per  linear  foot, 
one-third  of  which  is  assumed  to  be  applied  at  the  joints  of 
the  unloaded  chord.     Let  it  be  required  to  calculate   th» 
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dead-load  stresses  in  all  the  members  cut  by  a  plane  at  the 

section  pp.     This  plane  is  extended  so  that  it  will  cut  all 

the  separate  systems  represented  in  Fig.  19  (^),   (<:),  (</), 

and  {e) ,  and  to  each  system  the  general  method  of  sections 

is  applied  independently.     When   there  is  a  large  number 

of  joints,  as  in  this  case,  it  is  convenient  to  number  them 

from  each  end  of  the  truss,  as  shown  in  the  lower  part  of 

Fig.  19  (a). 

The  dead  panel  load  is  equal  to 

1,200  X  12.5       „  r^csc,  A 

— ~ =  7,500  pounds 

ii 

of  which  there  is  5,000  at  each  of  the  joints  b,c,d,  etc.,  and 
2,500  at  each  of  the  joints  B,  C,  D,  etc.  The  half  top-panel 
loads  at  A  and  A'  will  only  affect  the  stresses  in  a  Ay  and 
a'  A'-,  they  need  not  be  considered  in  this  example.      The 

figure  gives 

rj      V30'  +  25'       39.05       .  „« 
'''''"=        30  ^-^^  ''^^ 

In  the  primary  system.  Fig.  19  (d) ,  the  left  reaction  is 
5,000(4 +  8  + 12) +  2.500  (2  +  6 +  10 +  14)^  12,500  pounds, 

16 
and  the  stresses  in  the  various  members  are  as  follows: 
Member  Stress,  in  Pounds 

Ce         (12,500  -  2,500)  X  1.30  =  -  13,000 
CG      12,500  X  50  -  2,500  X  25  ^  +  jg  800 

1^^_X^  =  -  10,400 

In  the  secondary  system,  Fig.  19  (^),  the  left  reaction  is 
5,000  (2  +  6  +  10  +  14)  -f  2,500  (4  +  8  +  12)  ^  13,750 pounds, 

16 
and  the  stresses  in  the  various  members  are  as  follows: 
Member  Stress,  in  Pounds 

cE         (13,750  -  5,000)  X  1.30  =  +  11,400 
A£  13,750XJ5  ^  _^  ^^^^^ 

eg       13,750  X  50  -  5,000  X  25  ^  _  jg  800 

oU 
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In  the  tertiary  system,  Fig.  19  (</),  the  left  reaction  is 
6,000(3  + 7 -i-  11 -f  15)-f  2.500(14-5  f  94-13) 
16 
=  15,625  pounds, 
tod  the  stresses  in  the  various  members  are: 
Mkmbbk  Strbss,  is  Pounds 

dD        (15,625  -  6,000)  X  1.30  =  4-  13,800 
^n  ^^'g^^X  12.6  ^  ^    ^^ 

30 
^/     15.626  X  37.5  -  5.000  X  25  ^  _  15  400 

In  the  quaternary  system.  Fig.  19  (^),  the  left  reaction  is 
6.000(1  4-  5  4-  9  4-  13)  4-  2.500(3  4-  7  4-  H  4-  16) 
16 
■e  14,375  pounds. 
And  the  stresses  are: 

Member  Stress,  nt  Ponst>s 

Bd         (14,375  -  2.500)  X  1.30  =  -  15,400 
^P  14,375  X  37.6  -  2.600  X  25  =  ^.  15  900 

30 
,i  14.875  X  12.6  _  _    8000 

The  actual  stresses  in  the  various  members  are  as  follows: 
Member  Stress,  in  Poitnds 

bD  4-13.800 

cE  4-  11.400 

Ce  -  13,000 

Bd  -  15,400 

CD    sum  o(  stresses  in  /f /?.  A  £,  BF,  CG, 

«  6,600  4-  11.500  +  16,900  +  18,800  -  4-  62,700 
cd     sum   of   stresses   in   ad,  ae,  bf,  eg, 

-  -  6,000  -  10,400  -  16.4U0  -  18,800  -  -  60,600 
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EXAMPLES    FOR    PRACTICE 

1.  Using  the  same  dead  loads  and  dimensions  as  in  Fig.  19,  and  a 
live  load  of  2,000  pounds  per  linear  foot,  determine  the  maximum  and 
minimum  stresses  due  to  combined  live  and  dead  load  in  all  the 
memDers  cut  by  a  plane  at  the  section  g. 


Ans. 


Member 


Stress,  in  Pounds 
Maximum    Minimum 


f//  +  268,800  +  99.500 

NA'  -    11.000  +    5,300 

g/  +      9,750  -    6,500 

Gi  -    15,400  +       800 

//'/i  -    11,000  +    5,300 

hi  -256,300  -97,400 

2.  With  the  same  data  as  in  example  1,  find  the  maximum  stress 
in  a  A  due  to  combined  live  and  dead  load.  Assume  that  the  half-dead 
panel  load  at  A  is  included  in  the  secondary  system. 

Ans.  -f  83,750  lb. 

3.  With  the  same  data  as  in  example  1,  fiud,  by  the  method  of  joints, 
the  dead-load  stress  in  the  memher  FG.  Ans.  -f  90,100  lb. 


THE  PRATT  TRUSS 

45.  Description. — The  Pratt  truss,  Fig.  20  (a),  is  a 
simple  type  of  truss  in  which  the  web  members  are  alter- 
nately vertical  and  inclined;  there  is  a  vertical  web  member 
at  each  panel  point  and  an  inclined  member  in  each  panel, 
connecting  the  top  of  one  vertical  with  the  bottom  of  the 
next.  The  Pratt  truss  is  used  in  deck,  through,  and  half- 
through  bridges;  is  built  pin-connected  more  frequently  than 
riveted;  and  is  especially  adapted  to  span  lengths  of  100  to 
250  feet.  For  the  longer  spans,  multiple  systems  of  web 
or  subdivided  panels  are  sometimes  built,  although  such 
forms  are  going  out  of  use. 

46.  Diagonals.— In  all  except  the  end  panels,  ihg 
diagonals  are  designed  to  resist  tension  only.  It  was  shown  in 
the  analysis  of  the  Warren  truss  that  positive  shear  causes 
tension  in  diagonals  that  slope  upwards  to  the  left,  and 
negative  shear  tension  in  diagonals  that  slope  upwards  to  the 
right.  Therefore,  in  order  to  have  the  diagonals  in  tension, 
they  must  slope  upwards  to  the  left  in  the  panels  where  the 
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sBear  is  positive,  and  upwards  to  the  ric:ht  in  the  panels 
where  the  shear  is  negative.  In  the  panels  near  the  center, 
in  which  the  maximum  combined  shear  is  opposite  to  the 
minimum  shear,  two  diagonals  will  be  required,  one  sloping 
in  each  direction.  In  a  panel  where  there  are  two  diagonals, 
one  of  them,  the  main  diagonal,  will  be  in  tension  when  the 
combined  shear  is  a  maximum;  the  other,  called  a  counter, 
will  be  in  tension  when  the  combined  shear  is  a  minimum. 
When  any  loading  causes  tension  in  one  of  these  diagonals. 


that  diagonal  is  said  to  be  in  action,  and  the  stress  in  the 
other  is  assumed  to  be  zero;  the  latter  diagonal  is  said  to  be 
out  of  action  and  need  not  be  considered  as  part  of  the  truss 
for  that  loading.  For  example,  when  there  is  a  full  load  on 
the  truss  shown  in  Fig.  20  (a),  the  shear  in  panel  de  it 
positive;  there  is  tension  in  the  main  diagonal  De,  and  the 
counter  d  E  \%  out  of  action;  the  shear  in  panel  ed*  is  nega- 
tive, there  is  tension  in  the  main  diagonal  eiy,  and  the 
counter  Ed!  \%  out  of  action.  The  members  of  the  truss 
that  are  in  action  for  full  load  are  shown  in  Fig.  20  Kb)\  at 


48        STRESSES  IN  BRIDGE  TRUSSES,  PART  2 

the  counters  are  out  of  action,  they  are  omitted  fro^  the 
diagram. 

47.  Method  of  Calculation. — The  stresses  in  the  mem- 
bers of  the  simple  Pratt  truss  can  be  found  analytically  or 
graphically.  The  work  of  calculation  by  either  of  the  analytic 
methods  is  so  simple  that  the  graphic  method  will  not  be 
employed.  The  work  of  calculation  can  be  best  illustrated 
by  the  consideration  of  special  cases. 


THB    THROUGH    PRATT    TRUSS    WITH    AN     EVEN     NUMBER 

OF    PANELS 

48.  Description. -^In  Fig.  20  {a)  is  represented  a 
through  Pratt  truss  that  has  an  even  number  of  panels, 
the  vertical  member  £e  being  the  center  vertical.  The  span 
is  128  feet,  and  the  height  20  feet.  The  end  posts  aB 
and  a'  B'  are  compression  members;  the  verticals  Bb  and  B'b' 
are  tension  members,  and  are  called  the  hip  verticals  or 
end  suspenders;  all  other  verticals  are  compression  mem- 
bers.    The  members  dB  and  Ed'  are  the  counters. 

It  will  be  assumed  that  the  dead  load  is  800  pounds,  all  of 
which  is  applied  at  the  joints  of  the  loaded  chord,  and  that 
the  live  load  is  2,000  pounds  per  linear  foot  of  bridge. 

49.  Panel  Loads  and  Reactions. — The  dead  panel 
load  is 

^  X  16  =  6,400  pounds, 

and  each  dead-load  reaction  is 

^'^^  ^  '^  =  22,400  pounds 

The  live  panel  load  is 

^^^  X  16  =  16,000  pounds, 

and  each  live-load  reaction  for  full  load  is 

IMOOXI  ^  56  000  pounds 

50.  Chord  Stresses. — To  calculate  the  stress  in  any 
chord  member,  the  truss  may  be  considered  cut  by  a  surface 
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that  intersects  three  members,  one  of  which  is  the  member 
whose  stress  is  desired.  The  stress  in  the  member  is  then 
equal  to  the  bending:  moment  on  the  truss  at  the  intersection 
of  the  two  other  members,  divided  by  the  height  of  the  truss. 
For  example,  for  the  member  B  C,  Fig.  20  (a),  the  truss  may 
be  cut  by  the  plane  p,  or  by  the  plane  ^;  in  either  case,  the 
center  of  moments  is  at  c,  and  the  stress  in  ^  C  is  equal  to 
the  bending  moment  at  c  divided  by  the  height. 

For  the  member  cd,  the  truss  may  be  cut  by  either^  or  ^; 
in  either  case,  the  center  of  moments  is  at  C.  As  C  is  ver- 
tically over  c,  the  bending  moments  at  these  two  points  are 
the  same;  therefore,  the  stress  in  ^  C  is  numerically  equal  to 
the  stress  in  cd.  This  may  also  be  proved  by  applying  the 
equation  1'  X  =  IS  cos  H  —  Oio  all  the  forces  to  the  left  of 
section  ^:  as  the  only  horizontal  forces  are  the  stresses  xnBC 
and  cd,  they  must  be  equal  and  opposite.  In  like  manner,  it 
may  be  shown  that  the  stress  in  CD  is  equal  to  the  stress  in  de. 

In  calculating  the  moments  at  the  various  points,  the  work 
may  be  simplified  by  taking  the  panel  length  as  the  unit  of 
length,  that  is,  by  expressing  the  lever  arms  in  panel  lengths, 
and  multiplying  the  result  by  the  panel  length  in  feet.  Thus, 
the  moment  of  /?,  about  d  may  be  written  R^  X  3,  the  dis- 
tance from  the  line  of  action  of  Ri  to  d  being  3  panels. 
Likewise,  the  moments  of  the  loads  at  b  and  c,  with  respect 
to  d,  are,  respectively,  M^X  2  and  H^X  1.  The  resultant 
moment,  referred  to  the  panel  length  as  the  unit  of  length,  is 
R,XZ-WX2-  WX  1 

The  moment  (in  foot-pounds  or  foot-tons,  as  the  case  may 
be)  is  obtained  by  multiplying  this  result  by  the  panel 
length,  16;  thus, 

moment  at  </  -  (^,  X  3  -  Wx  2  -  Wx  1)  X  16 

The  dead-load  chord  stresses  are  as  follows: 

Stress  ia  ab,  be  (center  of  moments  at  B)^ 

(22,400  X1)X  16  ^  _  j7  300      ^^^, 
20 

Stress  xned  (center  of  moments  at  O* 

(22.400X2-6,400X1)X16  ^  ^^^^      ^^, 
90 
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Stress  in  de  (center  of  moments  at  /?), 
[22.400x3-6,400(2  +  1)]  Xjg  ^  _  gg  ^qq    ^^^^^ 
20 
Stress  vci  B C  (stress  \ncd),-\-  30,700  pounds. 
Stress  in  CD  (stress  in  de),  +  38,400  pounds. 
Stress  m  D E  (center  of  moments  at  e), 
[22,400x4-6,400(3  +  2  +  1)]  Xjg  ^  +  41,000  pounds 

20  -r       .  i' 

The  dead-load  chord  stresses  are  shown  in  Fig.  21. 

B      D=i-30700       C       D'i-Sa-fOO      D     D-J-f/000       E 


■-^4800        c    L  = 
Fig.  21 


L  =-96000      e 


The  live-load  chord  stresses  may  be  found  as  above;  but, 
as  the  dead  load  is  all  applied  at  the  joints  of  the  loaded 
chord,  they  are  more  conveniently  determined  by  multiply- 
ing the  dead-load  stresses  by  the  ratio  of  live  to  dead  load, 

2  000        5 
which  is    '       ,  or  -.     The  results  are  as  follows: 

Member  Stress,  in  Pounds 

ab,bc  17,900x|=-    44,800 

cd  30,700  X  I  =  -    76,800 

de  38,400  X  |  =  -    96,000 

B  C  30,700  X  ^  =  +    76,800 

CD  38,400  X  I  =  +    96,000 

DE  41,000  X^  =  +102,500 

A 
The  live-load  chord  stresses   are  shown  in  Fig.  21,  and 
the  combined  chord  stresses  are  shown  in  Fig.  22.     The 
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maximam  stresses  are  obtained  by  adding  the  dead-  and  live> 
load  stresses;  the  minimum  stresses  are  the  dead-load  stresses. 


-  (^^900         *         - 17900         '  t        -  30?00 

Maximum  antf  M/timum  SfrtS9«S 
Fio.  22 

51.  Dead-Load  Shears. — As  the  chords  are  horizontal, 
the  vertical  component  of  the  stress  in  any  web  member  is 
equal  to  the  shear  on  the  plane  of  section  that  cuts  such  mem- 
ber and  two  chord  members.  Thus,  the  vertical  component 
in  Cd,  Fig.  20  (a),  is  equal  to  the  shear  on  section  q.  Since 
in  this  case  there  is  no  load  at  C  the  shear  on  f/  is  equal  to 
the  shear  on  q,  and  it  follows  that  the  stress  in  Cc  is  equal  to 
the  vertical  component  of  the  stress  in  Cd.  Likewise,  the 
stress  xn  Dd  \s  equal  to  the  vertical  component  in  De. 

The  dead-load  shears  are  as  fellows: 


Pansl 

Shbak,  n*  PouirDt 

ab 

-♦-22.400 

be 

4-16.000 

€d 

+    9.600 

d€ 

-f-    3.200 

ed> 

-    3,200 

I 


and  likewise  for  the  remaining  panels. 

52.  L.lve-T^ad  Shears. — The  approximate  maximum 
positive  live-load  shear  in  any  panel  occurs  when  the  truss  is 
loaded  on  the  right  of  the  panel  (see  Stresses  in  Bridge 
Trusses,  Part  1).  The  approximate  values  of  the  maximum 
positive  live-load  shears  are  as  follows: 

Panel  a  b  (loads  at  b,  r,  d,  e,  df,  d,  and  V), 


16.000(l-t-2  +  8^+4+6  +  e.t.7)  .  ^f^  ^^^ 
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Panel  be  (loads  at  c,  d,  e,  cFy  </,  and  b')y 
16,000(1  +  2  +  3  +  4  +  5  +  6) 


=  42,000  pounds 


Panel  c of  (loads  at  d,  e,  d'y  c',  and  b')^ 
16,000(1  +  2  +  3  +  4  +  5) 


8 


=  30,000  pounds 


Panel  de  (loads  at  e,  d',  c',  and  b'), 
16,000(1  +  2  +  3  +  4) 


8 


=  20,000  pounds 


Panel  ed'  (loads  at  d',c',  and  b'), 

16,000(1  +  2  +  3)  ^  12,000  pound, 
8 
Panel  d' (/  (loads  at  c'  and   b'), 

l«-Q°°^l  +  ^'  =  6,000  pounds 

Panel  <:'^'  (load  &tb'), 

^rnpLl  =  2,000  pound. 

8 

In  b'  a',  there  can  be  no  positive  shear. 

The  maximum  negative  shear  in  any  panel  is  numerically 
the  same  as  the  maximum  positive  shear  in  the  corresponding 
panel  at  the  other  end  of  the  truss. 

53.  Combined  Shears. — By  combining  dead-load  with 
positive  and  negative  live-load  shears  for  the  left  half  of  the 
truss,  the  following  results  are  obtained: 


Maximum 

Minimum 

% 

Dead-Load 
Shear 

Positive 
Live-Load 

Negative 
Live-Load 

Shear 
(Dead  + 

Shear 
(Dead  + 

a 

Shear 

Shear 

Positive 

Negative 

&< 

Pounds 

Pounds 

Pounds 

Live- Load) 
Pounds 

Live-Load) 
Pounds 

ab 

+  22,400 

+  56,000 

+  78,400 

+  22,400 

be 

+  16,000 

+  42,000 

—     2,000 

+  58,000 

+  14,000 

ed 

+    9,600 

+  30,000 

—    6.,ooo 

+  39,<^00 

+     3,600 

de 

+     3,200 

+  20,000 

—  12,000 

-f  23,200 

-     8,800 

54.     Exact  Ijlve-Iioad  Shears. — For  purposes  of  com- 
parison,   the    exact    maximum    live-load    shears    may    be 
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lated    from    the    formnU    given   in   Stresses   in   Bridge 
TrussfSy  Part  1;  namely. 


2(ii-l) 
In  the  present  case,  W'\  the  panel  load,  is  equal  to  16,000 
pounds,  and  n  is  equal  to  8.  For  the  panel  a^,  m  =  7;  for 
the  panel  ^r,  m  =  6;  etc.  The  exact  shears,  the  approximate 
shears,  and  the  differences  are  as  follows: 


Panel 

Exact  Shear 
Pounds 

Approximate 
Shear 
Pounds 

Difference 
Pounds 

mb 

56,000 

56.000 

be 

41,100 

42,000 

900 

ed 

38,600 

30,000 

1,400 

de 

18,300 

30,000 

1,700 

ed' 

10,300 

12,000 

1,700 

d'cf 

4,600 

6,000 

1,400 

tfV 

1,100 

3,000 

900 

b'af 

The  approximate  shears  are  sweater  than  the  exact  in  every 
panel  except  the  two  end  panels.  This  is  on  the  safe  side, 
and,  as  the  differences  are  not  great,  the  approximate  values 
may  be  used. 

55.  Maximum  and  Minimum  Stresses  In  the 
DlaflTonals. — The  maximum  stresses  in  the  diagonals  are 
found  from  the  maximum  combined  shears.  The  stress  in 
any  diagonal  is  equal  to  the  combined  shear  in  the  panel  in 
which  the  member  is  located  multiplied  by  esc  Ht  which 
in  this  case  is 

Vie*  +  20* 


20 


-  1.28 


/n  all  panels  except  de^  both  the  maximum  and  minimum 
combined  shears  are  positive.  In  panel  de^  they  are  of 
opposite  kinds;  when  the  tniss  is  loaded  on  the  right  of 
this  panel,  the  combined  shear  is  positive;  when  loaded  00 
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the  left,  it  is  negative.  This  reversal  of  shear  requires  the 
use  of  two  diagonals  in  panel  de.  As  explained  in  Art.  46, 
the  diagonal  De,  which  slopes  upwards  toward  the  left,  is  the 
main  diagonal  and  is  in  tension  when  the  shear  in  panel  de 
is  positive;  the  diagonal  d E,  which  slopes  upwards  toward 
the  right,  is  the  counter,  and  is  in  tension  when  the  shear  is 
negative.  The  maximum  combined  shear  in  the  panel  de  is 
positive  and  equal  to  23,200  pounds;  then,  the  maximum 
tension  in  Z>^  is  equal  to  23,200  X  1.28  =  29,700  pounds. 
The  minimum  combined  shear  in  panel  de  is  negative  and 
equal  to  8,800  pounds;  then  the  maximum  tension  in  d  E  is 
equal  to  8,800  X  1.28  =  11,260  pounds.  The  minimum  stress 
in  each  diagonal  in  panel  de  is  equal  to  zero,  as  it  is  assumed 
that  when  one  is  in  action  the  other  is  out  of  action. 

56.  From  the  foregoing,  it  follows  that  the  maximum 
tension  in  any  main  diagonal  to  the  left  of  the  center  is  equal 
to  the  maximum  positive  combined  shear  in  the  panel  in  which 
the  diagonal  is  located,  multiplied  by  esc  H.  When  the  min- 
imum combined  shear  in  any  panel  is  positive,  the  minimum 
tension  in  the  diagonal  in  that  panel  is  equal  to  the  min- 
imum combined  shear  multiplied  by  esc  H;  when  the  minimum 
combined  shear  is  negative,  a  counter  is  required,  the  max- 
imum tension  in  which  is  equal  to  the  minimum  combined 
shear  multiplied  by  esc  H;  in  the  latter  case,  the  minimum 
tension  in  both  the  main  diagonal  and  the  counter  are  equal 
to  zero. 

57.  MaximuTn  Stresses  in  the  "Verticals. — The  stress 
in  the  hip  vertical  B  d  is  found  by  considering  the  joint  b;  the 
maximum  combined  stress  in  Bb  is  tension,  and  equal  to 
the  sum  of  a  dead  and  a  live  panel  load,  or  22,400  pounds. 
The  stress  in  Cc  is  found  by  considering  joint  C.  As  the 
only  vertical  forces  acting  at  this  joint  are  the  stresses  in  Cc 
and  Cd,  the  maximum  combined  stress  in  Cc  is  compression 
and  equal  to  the  vertical  component  of  the  maximum  com- 
bined stress  in  Cd,  or  39,600  pounds.  In  like  manner,  the 
maximum  combined  stress  in  Dd  is  found  to  be  23,200 
pounds  compression,  and  in  £e,  8,800  pounds  compression. 
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The  stress  in  Ee  is  a  maximum  when  joints  rf'.r',  and  V  are 
loaded  with  live  load.  Under  this  condition  of  loading,  the 
combined  shear  in  panel  ed'  is  positive,  counter  Ed'  is  in 
action,  and  main  diagonal  e  D'  is  out  of  action.  The  mem* 
bers  of  the  truss  that  are  in  action  for  this  loading  are  shown 
in  Fig.  20  (r).  The  stress  in  Ee  is  equal  to  the  shear  on 
section  r,  which  is  the  maximum  positive  shear  in  panel  ed\ 
or  12,000  -  3.200  =  +  8,800  pounds  compression. 

When  a  portion  of  the  dead  load  is  assumed  to  be  applied 
at  the  joints  of  the  unloaded  chord,  the  stress  in  any  vertical 
to  the  left  of  the  center,  except  the  hip  vertical,  is  equal  to 
the  vertical  component  of  the  stress  in  the  diagonal  in  the 
p?nel  to  the  right,  plus  the  load  at  the  joint  of  the  unloaded 
chord. 

58.  Minimum  Stresses  In  the  Verticals. — The  mini- 
mum stress  in  ^^  is  tension,  and  equal  to  a  dead  panel  load, 
or  6,400  pounds.  The  combined  stress  in  Cc  is  compression, 
and  equal  to  the  vertical  component  of  the  minimum  com- 
bined stress  in  Cd,  or  3,600  pounds.  The  minimum  stress 
in  Z></  is  zero,  and  occurs  when  the  stress  in  the  diagonal  De 
is  a  minimum,  that  is,  when  the  counter  d E  is  in  action  and 
the  main  diagonal  De\s  out  of  action.  In  like  manner,  the 
minimum  stress  in  Ee  is  zero,  and  occurs  when  the  main 
diagonals  De  and  e [>  are  both  in  action,  the  stresses  in  the 
counters  dE  and  d' E  being  zero. 

59.  Coin».in.<!  Stresses. — The  maximum  and  mini- 
mum stresses  are  shown  in  Fig.  22;  the  dead  and  live-load 
stresses,  in  Fig.  21.  In  the  counter  dE,  Fig.  21,  there  is 
shown  a  compressive  stress  of  4,100  pounds  due  to  dead 
load;  and  in  Ee,  a  tensile  stress  of  3,200  pounds.  These  are 
the  stresses  that  would  occur  in  dE  and  Ee  if  the  main 
diagonal  De  in  the  panel  de  were  omitted  when  there  is  no 
live  load  on  the  truss.  No  compression  can  actually  occnr 
in  dE,  and  no  tension  in  Ee,  the  values  given  being  the 
amounts  by  which  the  live-load  stresses  in  those  membert 
are  reduced  by  the  dead  load  when  the  main  diagonal  Dg  it 
out  of  action. 
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60.  Odd  Number  of  Panels. — The  Pratt  truss  repre- 
sented in  Fig.  23  has  an  odd  number  of  panels.  In  this  truss, 
there  is  a  center  panel  in  which  the  dead-load  shear  is  zero. 
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The  dead-load  stresses  in  the  two  diagonals  in  this  panel 
are,  therefore,  equal  to  zero,  and  both  may  be  considered  as 
counters.  Otherwise,  this  truss  is  the  same  as  the  one 
already  analyzed. 

61.  Chord  Stresses  for  Partial  Load. — It  is  some- 
times necessary  to  compute  the  stress  in  a  chord  member 
due  to  a  live  load  over  a  portion  of  the  span.  In  the  panels 
where  there  are  no  counters,  the  center  of  moments  for  any 
chord  member  will  be  the  same  for  a  partial  as  for  a  full 
load.  In  the  panels  where  there  are  counters,  the  center  of 
moments  for  the  chord  members  depends  on  whether  the 
counter  or  the  main  diagonal  is  in  action  for  the  specified 
loading.  If  the  main  diagonal  is  in  action,  the  center  of 
moments  will  be  at  the  intersection  of  the  main  diagonal 
with  the  opposite  chord;  if  the  counter  is  in  action,  the 
center  of  moments  will  be  at  the  intersection  of  the  counter 
with  the  opposite  chord. 

Example. — Let  it  be  required  to  calculate  the  stress  in  the  chord 
member  e  d' ,  if  the  through  Pratt  truss  shown  in  Fig.  20  (a)  carries  a 
dead  load  of  6,400  pounds  at  each  panel  point,  and  a  live  load  of 
16,000  pounds  at  each  of  the  panel  points  e,  d',  c',  and  b'. 

Solution. — The  dead-load  reaction  at  the  left  end  is 

^^^^-^  =  22,400  lb. 

The  dead-load  shear  in  the  panel  ed'  is 

22,400  -  4  X  6,400  =  -  3,200  lb- 
The  live-load  reaction  at  the  left  end  is 
16,000  X  (1  -f-  2  -f  3  -f  4) 
8 


=  20,000  lb. 
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Tb«  live- load  shear  in  the  panel  r  </'  is 

20.000  -  16.000  -  +  4,000  lb. 
The  combined  shear  ia  the  panel  f  d'  is 

-  3.200  +  4.000  -  +  800  lb. 
The  combined  shear  is  positive,  and  causes  tension  in  the  member 
sloping  apwards  to  the  left,  which  is  the  counter  d'  £.    Therefore,  the 
counter  d' E  is   in   action   for  the  specified   loading,   as  shown   in 
Fig.  20  (r).  and  the  center  of  moments  for  gd'  is  at  £,  the  intersection 
of  d'  £  and  £  jy.    Then,  the  stress  ined'is  equal  to  the  moment  at  £ 
divided  bv  the  height  of  the  truss;  or,  the  tension  \n  ed'  ia 
[L>--'.400x4-6.400(l-f  2 +  3) +  20.000X4]  X  16^  ipi  QOOlb     Ana. 
20 


THB    DECK    PRATT    TRUSS 

62.     Description.— The  deck  Pratt  truss  may  be  sup- 
ported in  any  of  the  ways  shown  in   Fis:s.  24,  25,  and  26. 


^a  i  d^ 

Pio.  34 

These  three  trusses  arc  alike  except  for  the  end  panels.     In 
Fig.  24,  the  truss  is  supported  at  the  point  a  in  the  same  way 

i>'        c'        Jt' 


Fio.  3S 


as  the  through  Pratt  truss;  the  loads  in  the  end  panel  are 
supported  by  stringers  A  B,  the  ends  of  which  either  rest  oo 


fM.  » 


the  masonry  at  /f  or  are  supported  by  vertical  members  mA 
In  this  truss  the  inclined  member  a  ^  is  the  end  post,  and  it 
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a  compression  member.  In  Fig.  25,  the  truss  is  supported 
at  the  point  A,  and  the  end  diagonal  ^^  is  a  tension  mem- 
ber. In  Fig.  26,  the  truss  is  supported  at  the  point  a;  the 
vertical  a  ^  is  in  compression,  and  is  called  the  vertical  end 
post;  the  web  diagonal  A  b  is  in  tension;  the  stress  in  ab  due 
to  dead  and  live  loads  is  zero,  this  member  being  inserted 
for  the  sake  of  stiffness. 

63.  Chord  Stresses. — Using  the  same  loads  and 
dimensions  as  for  the  through  Pratt  truss  in  Fig.  20  (a), 
the  stress  in  any  chord  member  of  the  deck  Pratt  truss  will 
be  the  same  as  the  corresponding  member  of  the  through 
Pratt  truss.  For  example,  the  stress  in  CD,  Fig.  20  (a), 
is  equal  to  the  moment  at  d  divided  by  the  height  of  the 
truss;  also,  the  stress  in  CD,  Figs.  24,  25,  and  26,  is  equal 
to  the  moment  at  d  divided  by  the  height  of  the  truss.  In 
Figs.  25  and  26,  the  stress  in  A  B  equals  the  stress  in  be. 
For  any  other  dimensions  and  loading,  the  chord  stresses 
may  be  found  in  exactly  the  same  way  as  for  the  through 
Pratt  truss.  The  maximum  chord  stresses  occur  when 
there  is  a  full  live  load;  the  minimum,  when  there  is  no 
live  load. 

64.  stresses  in  Diagonal  Members. — The  end  diag- 
onal in  Fig.  24  is  a  compression  member;  the  end  diagonals 
in  Figs.  25  and  26  are  tension  members.  The  vertical  com- 
ponent of  the  maximum  stress  in  the  end  diagonal  is  equal 
to  the  maximum  positive  shear  in  the  end  panel;  the  ver- 
tical component  of  the  minimum  stress  is  equal  to  the  dead- 
load  shear.  The  stresses  in  all  the  other  diagonals  may  be 
found  in  exactly  the  same  way  as  for  the  through  truss. 

65.  stresses  In  "Vertical  Members. — The  stresses  in 
the  verticals  are  different  from  those  in  the  corresponding 
members  of  the  through  truss.  The  vertical  B  b,  Fig.  24, 
is  the  hip  vertical;  the  stress  in  B  b  is  equal  to  zero,  or  to 
the  dead  load  at  b,  if  any.  The  maximum  stress  in  A  a. 
Fig.  26,  is  equal  to  the  left  reaction  when  there  is  a  full 
live  load;  the  minimum  stress  in  A  a  is  equal  to  the  left 
reaction    when   there   is   no  live  load.     In   calculating  the 
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stress  in  A  a,  one-half  of  a  panel  load  must  be  applied  at  A, 
as  this  is  carried  to  the  abutment  by  A  a.  The  stress  in  any 
other  vertical  is,  in  general,  equal  to  the  shear  on  a  plane 
of  section  cuttinc:  that  vertical  and  two  chord  members. 
Thus,  the  stress  in  Cc,  Fig.  24,  is  equal  lO  the  shear  in  the 
plane  of  section  p^.  Then,  the  maximum  compression  in 
any  vertical  on  the  left  of  the  center  (except  the  hip  ver- 
tical and  vertical  end  post)  is  equal  to  the  maximum  positive 
shear  in  a  plane  cutting  that  vertical  and  the  two  chord 
members  between  which  the  vertical  lies.  This  occurs  when 
the  joint  at  the  top  of  the  member  and  all  joints  to  the 
right  are  loaded. 

The  maximum  positive  combined  shear  in  the  panel  to 
the  left  of  the  center  vertical  may  be  less  than  the  sum  of  a 
dead  and  a  live  panel  load,  in  which  case  the  maximum 
compression  in  the  vertical  will  be  equal  to  the  sum  of  a 
dead  and  a  live  panel  load.  In  this  case,  the  shear  in  the 
panel  to  the  right  of  the  vertical  will  be  negative,  and  the 
main  diagonals  in  both  center  panels  will  be  in  action;  as 
the  stresses  in  the  two  counters  that  meet  at  the  top  of  the 
center  vertical  will  then  be  equal  to  rero,  the  vertical  will 
simply  support  the  load  at  its  upper  joint. 

When  the  minimum  combined  shear  in  any  panel  on  the 
left  of  the  center  is  positive  and  greater  than  a  dead  panel 
load,  the  minimum  stress  in  the  vertical  on  the  right  of  such 
panel  is  equal  to  the  minimum  combined  shear  on  the  plane 
cutting  such  vertical  and  the  two  chord  members  between 
which  it  lies.  When  the  minimum  combined  shear  is  positive 
and  less  than  a  dead  panel  load,  the  shear  in  the  panel  to  the 
right  of  the  vertical  is  negative.  The  diagonal  sloping 
upwards  to  the  left  will  be  in  action  in  the  panel  on  the 
left;  the  diagonal  sloping  upwards  to  the  right,  in  the  panel 
on  the  right,  and  the  stress  in  the  diagonal  or  diagonals  that 
meet  the  vertical  at  the  top  will  be  zero.  Then,  the  only 
vertical  forces  acting  at  the  top  of  the  vertical  member  will 
be  the  dead  panel  load  and  the  stress  in  the  member;  there- 
fore, the  minimuin  stress  in  such  a  vertical  member  will  bo 
equal  to  a  dead  panel  load. 
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When  the  minimum  shear  in  the  panel  to  the  left  of  any 
vertical  is  negative,  the  shear  in  that  panel  may  have  any 
value  between  the  minimum  shear,  which  is  negative,  and  the 
maximum  shear,  which  is  positive.  Therefore,  under  some 
conditions  of  loading,  the  shear  in  the  panel  to  the  left  will 
be  positive  and  less  than  a  dead  panel  load,  and  then  the 
stress  in  the  vertical  will,  as  shown,  be  a  minimum  and  equal 
to  a  dead  panel  load.  In  like  manner,  it  may  be  shown  that 
the  minimum  stress  in  any  vertical  between  this  member  and 
the  center  will  be  equal  to  a  dead  panel  load. 

Example. — Let  it  be  required  to  calculate  the  maximum  and  mini- 
mum stresses  in  the  verticals  of  the  deck  Pratt  truss  shown  in  Fig.  25, 
using  the  same  dimensions  and  loads  as  for  the  through  truss  shown 
in  Fig.  20  (a)  and  described  in  Art.  48. 

Solution. — The  maximum  and  minimum  shears  are  the  same  as 
for  the  through  truss,  and  are  given  in  Art.  53.     They  are  as  follows: 


Panel 

Maximum  Shear 
Pounds 

Minimum  Shear 
Pounds 

AB 
BC 
CD 
DE 

+  78,400 
+  58,000 
+  39.600 
+  23,200 

+  22,400 
+  14,000 
+    3.600 
-    8,800 

Member 
Bb 
Cc 
Dd 
Ee 


The  maximum  stresses  (which  are  the  sum  of  the  dead-  and  live-load 
stresses)  are  as  follows: 

Stress,  in  Pounds 
+  22.400  +  56,000  =  +  78,400 
-t- 16,000  +  42,000  =  -f  58.000 
-f    9,600  +  30,000  =  -1-  39,600 
+   3,200  +  20,000  =  +  23,200 
The  maximum  stress  in  ^<?  is  equal  to  the  maximum  positive  shear 
in  panel  D  E,  as  this  is  greater  than  the  sum  of  a  full  dead  and  a  full 
ivve  panel  load  (22,400  lb.). 

The  minimum  stresses  are  as  follows: 

Member  Stress,  in  Pounds 

Bb  +22,400 

Cc  +  14,000 

Dd  +    6,400 

Ee  -f-    6,400 
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mintmum  snenr  jn  panel  t  />  ts  poftitive  and  r(ju:ii  to  3,600 
ods;  it  occurs  wneo  joints  B  aod  Care  loaded.  Under  this  condi- 
n  of  loading,  the  load  at  Z^  is  a  dead  panel  load,  or  6.400  pounds, 
en.  the  shear  in  panel  D  E  (or  the  same  loading  is  3,600  -  6,400 
«-  —  2,800  poands;  as  this  is  negative,  the  counter  </ir  is  in  action  and 
the  stress  in  Dt  is  zero.  Therefore,  the  stress  in  Dd  must  be  equal  to 
the  dead  panel  load  at  D,  which  is  equal  to  6,400  pounds.  In  like 
manner,  it  may  be  shown  that  the  minimum  stress  in  i?/  is  6,400  pounds. 


EXAMPLES    FOR    PRACTICE 

1.  Let  Pig.  27  be  a  ten-panel  through  Pratt  truss  having  a  spaa 
length  of  180  feet  and  a  height  of  ^  feet.  If  the  dead  load  is  1.200 
pounds,  one-third  of  which  is  applied  at  the  joints  of  the  unloaded 
chord,  and  the  live  load  is  2,400  pounds,  per  linear  foot  of  bridge, 
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Pio.  27 

what  are:  (a)  the  maximum  stresses  in  the  counters  and  main  diago- 
nals in  all  the  panels  in  which  counters  are  required?  (b)  the  maxi- 
mum and  minimum  stresses  due  to  combined  live  and  dead  load  in  the 
diagonals  aB  and  B c'i  (f)  the  maximum  and  minimum  stresses  da« 
to  combined  dead  and  live  load  in  the  verticals  Bb,  Dd,  and  Ff} 
(</)  the  maximum  and  minimum  stresses  due  to  combined  dead  and 
live  load  in  the  chord  members  bc,B  C,  and  D  E} 


Ans- 


Mkmbkk 

STKKSS.  C 

Maximuu 

MnrncvM 

(«) 

]£(,(£> 

-   46.600 

0 

\eF,F^ 

-    20.000 

0 

(d) 

\aB 

-1-179,600 

•I-M.900 

Be 

-142.400 

-43.900 

Bb 

-    28.800 

-    7.200 

{c) 

Dd 

-H   65.160 

•h   6.840 

Ff 

•h    19.800 

+   3.600 

be 

-106.000 

—  Sft.OOO 

id) 

BC 

+  186.600 

-»-es.2oo 

\de 

+  279.900 

-(•93.300 

2.  Let  Pig.  28  be  a  nine-panel  deck  Pratt  truss  having  a  span  length 
of  180  feet  and  a  height  of  26  feet.  If  the  dead  load  is  1.200  pounds, 
one-third  of  which  is  applied  at  the  joints  of  the  unloaded  chonl.  and 
the  live  load  is  2.200  pounds,  per  Unaar  foot  of  bridge:  (a)  what  are 


62        STRESSES  IN  BRIDGE  TRUSSES,  PART  2 


ihe  maximum  combined  stresses  in  the  counters  and  main  diagonals 
in  all  the  panels  in  which  counters  are  required?     {b)  what  are  the 


d  "  e  d 

[• 9 Panels® 20  ft,'- 180  ft *\ 

Fig.  28 

maximum  and  minimum  combined  stresses  in  the  diagonals  ^4 ^  and 
Cd}  {c)  in  the  verticals  B  b,  D  d,  and  E  e"}  (d)  in  the  chord  members 
be,  C£>,  andEE'? 


Ans. 


Memrrr 

Maximum 

Minimum 

[Ee'. 

eE' 

-    30,800 

0 

{a)  I  Be, 

e>  D> 

-    61,400 

0 

[dE, 

d'E' 

-      3,400 

0 

(*){^.* 

-  171,600 

-60,600 

-    95.100 

-21,000 

(Bb 

+  132,000 

+  44,000 

{c){E>d 

+    71,300 

+  12,700 

XEe 

+    44,700 

+    8.000 

[be 

-  104,600 

-36,900 

{d)\CD 

+  235,400 

+  83,100 

[        l^^' 

+  261,500 

+  92,300 

THE  HOWE  TRUSS 

66.  Description. — The  Howe  truss,  shown  in  Fig.  29, 
was  one  of  the  earliest  forms  of  simple  bridge  trusses  in 
America.     As  originally  constructed,  it  had  short  panels  with 


Pig.  29 

two  diagonals  in  each  panel,  and  vertical  end  posts;  all  parts 
of  the  truss  were  constructed  of  wood,  except  the  inter- 
mediate verticals,  which  were  iron  rods.  This  type  of  trus« 
is  still  used  to   some  extent  in  localities  where  timber  is 
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plentiful.  At  present,  however,  all  the  members  that  receive 
no  stress  are  omitted,  and  the  lower  chord  is  frequently  con- 
structed of  steel.  The  diagonals  are  desis^ned  to  resist  com- 
pression  only;  therefore,  they  must  slope  downwards  to  the 
left  in  the  panels  in  which  the  shear  is  positive;  and  down- 
wards to  the  right  in  the  panels  in  which  the  shear  is  neg- 
ative. Two  diagonals,  one  sloping  in  each  direction,  are 
required  in  each  panel  in  which  the  sign  of  the  maximum 
combined  shear  is  opposite  to  that  of  the  minimum  combined 
shear.  In  the  original  trusses  of  this  type,  two  diagonals 
were  put  in  each  panel,  but  the  extra  diagonals  or  counters  in 
the  panels  near  the  ends  were  unnecessary.  The  verticals, 
except  the  vertical  end  post,  were  designed  to  resist  tension 
only. 

The  modem  forms  of  the  Howe  truss  are  shown  in  Fig.  30 
as  a  through  truss,  and  in  Fig.  31  as  a  deck  truss.  The  end 
posts,  upper  chord,  and  intermediate  diagonals  are  con- 
structed of  wood;  the  verticals  and  bottom  chord  are  of 
steel.  The  counters  are  shown  in  dotted  lines,  and  are  put 
in  only  where  necessary. 

67.  Calculation  of  Stresses. — The  stresses  in  the 
members  are  calculated  in  exactly  the  same  way  as  the 
stresses  in  the  members  of  the  Pratt  truss.  The  maximum 
stress  in  the  center  vertical  Dd  ot  the  through  truss  shown  in 
Fig.  30  is  equal  to  the  maximum  positive  shear  in  panel  c^ 
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(when  there  is  no  dead  load  at  D),  or  to  a  full  dead  and  live 
panel  load,  whichever  is  the  greater;  the  minimum  stress  is 
equal  to  a  dead  panel  load.  The  maximum  stress  in  the 
center  vertical  d  D  oi  the  deck  truss  shown  in  Fig.  31  is 
eqtuil  to  the  maximum  positive  shear  in  the  panel  dc';  the 
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minimum  stress  is  equal  to  zero,  and  occurs  when  the  main 
diagonals  Cd  and  d  C  are  in  action.     (In  reality,  the  stress 


in  dDy  under  this  condition  of  loading,  is  equal  to  the  dead 
load  at  D;  but,  if  this  is  all  assumed  at  the  joints  of  the 
loaded  chord,  the  stress  in  d D  will  be  zero.) 


EXAMPLE    FOR    PRACTICE 

Let  Fig.  30  be  a  six-panel  through  Howe  truss  having  a  span 
Hength  of  90  feet,  consisting  of  six  15-foot  panels,  and  a  height  of 
12  feet.  If  the  dead  load  is  800  pounds,  all  applied  at  the  loaded 
chord,  and  the  live  load  is  2,000  pounds,  per  linear  foot  of  bridge; 
find,  (d)  the  maximum  and  minimum  combined  stresses  in  the  chord 
members  ^Cand  b  c\  {d)  the  maximum  combined  stresses  in  both  the 
main  diagonal  and  the  counter  in  each  panel  to  the  left  of  the  center 
in  which  a  counter  is  required;  (c)  the  maximum  and  minimum  com- 
biucd  stresses  in  the  verticals  Bd  and  Dd. 

Member 


Ans.< 


Stress,  in  Pounds 
Maximum    Minimum 


C 


-f 

65,600 

+  18.800 

— 

105,000 

-30,000 

+ 

28,800 

0 

+ 

7,200 

0 

— 

52,500 

-  15,000 

— 

21,000 

-  6,000 

THE  WHIPPLE  TRUSS 

68.  Description. — If  the  simple  type  of  Pratt  truss  is 
used  for  the  longer  spans  to  which  the  Pratt  truss  is  adapted, 
it  will  be  impossible  to  make  use  of  an  economical  height 
of  truss  and  inclination  of  diagonal  without  using  very  long 
panels,  thereby  making  the  floor  system  very  heavy.  For 
such  spans,  it  is  convenient  to  use  a  modified  form  of  the 
Pratt   truss,  making  use   of   multiple    systems   of   web   or 
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subdivided  panels.  The  Whipple  trnss,  sometimes  called 
the  double-liiterseotlon  Pratt  tru»8,  is  a  modified  form 
of  the  Pratt  truss,  in  which  there  are  two  systems  of  web 
members,  the  diagonals  running  across  two  panels,  as 
shown  in  Fig.  32  (a).  The  two  systems  of  web  members 
are  shown  in  full  and  dotted  lines.  There  is  a  large  number 
of  these  trusses  in  use  at  the  present  time,  but  they  are  now 
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avoided  by  the  best  engineers,  because  the  actual  stresses  in 
some  members  cannot  be  determined  accurately. 

69.  Method  of  Calculation. — Applying  the  principles 
of  the  method  of  sections  to  the  truss  shown  in  Fig.  32  {a), 
It  will  be  seen  that,  if  the  truss  is  cut  by  a  plane  in  any 
panel  except  the  end  panel,  the  plane  will  cut  at  least  four 
members  in  which  the  stresses  are  unknown,  and  it  will  be 
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impossible  to  determine  those  stresses  by  the  principles  of 
statics,  unless  some  assumption  is  made  regarding  the  dis- 
tribution of  the  stresses  among  the  members.  It  is  custom- 
ary to  assume  that  the  truss  is  composed  of  two  trusses 
lying  in  the  same  plane  and  having  the  chords  and  end  posts 
in  common.  The  stresses  in  each  truss  are  supposed  to  be 
caused  by  the  loads  that  are  directly  applied  to  it.  The  two 
systems  in  this  case  are  shown  separated  in  Fig.  32  {d) 
and  {c).  For  convenience  of  reference,  the  system  shown 
in  full  lines  in  Fig.  32  id)  will  be  called  the  primary  system^ 
and  the  system  shown  in  dotted  lines  in  Fig.  32  {c)  will  be 
called  the  secondary  system. 

The  joints  B^  b,  B',  and  b'  are  common  to  both  systems- 
and  one-half  of  each  of  the  loads  applied  at  those  points  may 
be  assumed  to  be  supported  by  each  system.  The  stresses 
may  be  found  in  all  the  members  of  each  system,  for  the 
loads  that  come  on  that  system,  in  exactly  the  same  way  in 
which  the  stresses  are  found  in  the  single-intersection  Pratt 
truss.  As  the  chords,  end  posts,  and  hip  verticals  are  com- 
mon to  both  systems,  the  stresses  found  in  those  members 
in  each  system  are  partial  stresses,  or  component  stresses, 
and  must  be  added  together  to  get  the  actual  stresses.  As 
each  of  the  web  members,  except  the  end  posts  and  hip 
verticals,  occurs  in  but  one  system,  the  stresses  found  in 
them  are  the  actual  stresses.  The  assumption  that  the  two 
web  systems  act  independently  is  not  strictly  correct,  but 
the  resulting  error  is  probably  very  small. 

Example. — Let  it  be  required  to  calculate  the  maximnm  stresses  in 
the  chord  members  CD,  DE,  e  f,  and  fg,  and  in  the  web  mem- 
bers .5  r,  Ee,  eG,  Dd,  and  D  f,  in  the  twelve-panel  through  Whipple 
truss  shown  in  Fig.  32  {a),  having  a  span  length  of  216  feet,  and  a 
height  of  36  feet,  when  the  dead  load  is  1,000  pounds  fall  applied  at 
the  joints  of  the  loaded  chord),  and  the  live  load  is  1,600  pounds,  per 
linear  foot  of  bridge.  The  dead  and  the  live  panel  load  are  9,000  and 
14,400  pounds,  respectively;  at  the  joints  b  and  b' ,  the  panel  loads  for 
each  system  are  to  be  taken  at  one-half  these  values. 

Solution. — Chord  Stresses. — The  truss  may  be  separated  into  the 
primary  sy.stem  shown  in  Fig.  32  {b)  and  the  secondary  system  shown 
in  Fig.  32  {c).     To  find  the   stresses   in   CD,  DE,  e  f,  and  fg,  it  is 
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ry  to  calculate  the  stresses  in  C E  aod  tg  of  the  primary  system. 
d  \n  B  D,  D  F,  d  f,  aod  ff  of  the  secondary  system .    The  total  dead 
load  on  tbs  primary  system  is  9.000  X  6,  aod  each  reaction  is  eqoal  to 

^=59|>i«.  27.0001b. 

The  dead-load  chord  stresses  are  as  follows: 

I    /-/r      (27.000  X4-4.500X8~  9.000  X  2)  X  18       .«,««„». 
Stress  in  CE  — ^ +38,260 lb. 

The  stress  in  eg  is  equal  to  the  stress  in  CE  -  -  38.2S0  lb. 

The  total  dead  load  on  the  secondary  system  is  9.000  X  5,  and  each 

reaction  is  equal  to 

9.000X5 


2  -  22.600  lb. 

The  dead-load  chord  stresses  are  as  follows: 
Mkmbbk 


Stkbss, 
n<  Pounds 
B  D  (g.500x3-4.500x2)Xj8  _  _^  ^^ 

D  f  (22.600x6-4.500  X  4  -  9.000  X  2)  X  18  _  ^  ^^^ 

96 
df     (stress  in  iP /?)  -29  250 

ff     (stress  in  Z? /^)  -38.260 

Then,  the  dead-load  chord  stresses  in  this  truss  are: 
Member  Stress,  in  Pounds 

CD  38.250  +  29.250  -  +  67.500 

D£  38.250  +  38.250  -  -»-  76.500 

tf  38.250  +  29.260 -- 67.500 

fg  88.250  +  38.250  -  -  76.500 

As  all  the  dead  load  is  applied  at  the  joints  of  the  loaded  chord,  the 
live-load  stresses  will  be  equal  to  the  dead-load  stresses  multiplied  by 

\^-^,  and  the  maximum  combined  stresses  wih  be  equal  to  the  dead 

load  stresses  multiplied  by  j'^jq.  ot  by  2.6. 

The  maximum  combined  stresses  are  as  follows: 

llKifBER  MAXiMim  Stress, 

MEMBER  ,^  Pounds 

CD  +  67.600  X  2  6 -+ 176.800 

DE  +  76.500  X  2.6  -  +  198.900 

ef  -  67.500  X  2  6 -- 176.800 

ff  -  76.500  X  2.6  -  -  198.900 

Wfd  Stresses.— Tht  web  members  he.  he,  and  eC  occni  in  the 
primary  system.    The  dead-load  shears  are  as  follows: 
shear  in  panel  be  ^  27.000  -  4,600  -  22.500  lb. 
sbMT  in  psoel  //  -  27.000  -  4.600  -  9.000  X  2  «  4.600  lb 
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For  the  member  B  c, 

ioz  the  member  e  G, 


CSC  H  =■  x^ =  1.118; 


„       V36*  +  36'       ,   ... 

CSC//  =  ;r^ =    1.414. 

OD 

The  dead-load  stress  in  i^t  is  22,500  X  1.118  =  -  25,200  lb. 

The  dead-load  stress  in  Ee  is  +  4,500  lb. 

The  dead-load  stress  m  e  G  (counter,  assuming  that  the  main  diag- 
onal Eg  is  left  out)  is  4,500  X  1.414  =  +  6,400  lb. 

The  members  Dd  and  D  f  occur  in  the  secondary  system.  The 
shear  in  the  panel  d  f  \s  22,500  -  4,500  -  9,000  =  9,000  lb. 

The  dead-load  stress  \n  D  d  \&  +  9,000  lb. 

The  dead-load  stress  in  Z>/is  9,000  X  1-414  =  -  12,700  lb. 

The  maximum  live-load  stresses  for  the  primary  system  are  as  fol- 
lows, the  load  at  b'  being  a  half-panel  load:  For  the  member  Be, 
with  the  truss  loaded  to  c  from  the  right  end,  the  shear  in  panel  be  is 

14,400  (i  +  2  -f  4  +  6  +  8  +  10) 

— ^         ^^  — — -  =  36,600  lb. 

The  live-load  stress  in  Be  is  36,600  X  1.118  =  -  40,900  lb. 

For  the  member  E e,  with  the  truss  loaded  to^  from  the  right  end, 

the  shear  in  panel  eg  is 

14,400(^4-2  +  4  +  6)        „  ^  ,. 
r^^ =  lo.OOO  lb. 

The  live-load  stress  in  £"<»  is  +  15,000  lb. 

For  the  counter  e  G,  the  member  e'  G  may  be  considered  instead. 

With  the  truss  loaded  to  e'  from  the  right  end,  the  shear  in  panel  ge'  is 

14,400  (i  +  2  -f  4) 

— \J        —  =  7,800  lb. 

The  live-load  stress  in  ^  C  is  7,800  X  1.414  =  -  11,000  lb. 
The  maximum  live-load  stresses  for  the  secondary  system  are  as 
follows,  the  load  at  b'  being  a  half-panel  load:     For  the  members  Dd 
and  D  f,  with  the  truss  loaded  to  /,  from  the  right  end,  the  shear  in 
panel  d  f  \s 

14,400  (i  +  3  +  5  +  7) 

— 12  "  -^^'^^  ^^^ 

The  live-load  stress  in  Z^rf  is  +  18,600  lb. 
The  live-load  stress  in  Z>/is  18,600  X  1.414  =  -  26,300  lb. 
The  final  maximum  combined  stresses  are  as  follows: 
Mbmber  Stress,  in  Pounds 

Be        -  25,200  -  40,900  =  -  66.100 
E  e  4,500  +  15,000  =  +  19,500 

eG        -11,000+    6,400=  -    4,600 
Dd  9,000  +  18,600  =  +  27,600 

Df        -  12,700  -  26,300  -  -  39,000 
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EXAMPLE    FOR    PRACTICS 

Let  Fig.  32  (a)  be  a  twelve-panel  through  Whipple  truu  having 
span  length  of  180  feet  and  a  height  of  30  feet.  If  the  dead  load  is 
1.2U0  pounds,  all  applied  at  the  joints  of  the  loaded  chord,  and  the 
live  load  is  2.200  pounds,  per  linear  foot  of  bridge.  5nd:  (a)  the  mazi' 
mam  and  minimum  combined  stresses  in  the  chord  members  cJ,  de, 
£  r,  and  f  G;  {b)  the  maximum  and  minimum  combined  strenes  in 
the  web  members  £d,  Eg,  Ff,  Cc,  and  Ff. 


P 

^■K  spai 


Mbmbbr 

Stress,  in 

POUKD» 

Maximum 

MiNiMinf 

cd 

-  102.000 

-36.000 

(a) 

de 

-  IM.OOO 

-54.000 

EF 

+  229.500 

+  81.000 

JIM. 

FG 

+  229,800 

+  81.000 

Bd 

-    73.100 

-24.500 

Eg 

-    80.700 

0 

(*) 

Ff 

-    16.500 

0 

Cc 

+    41.7(10 

+  10.100 

' 

Ff 

+    11.700 

n 

THE  POST  TRUSS 

70.  Description. — The  Post  truss.  Fig.  33  (a),  may 
be  looked  on  as  a  modified  Whipple  truss  with  an  odd  num- 
ber of  panels  in  the  bottom  chord.  This  truss  is  seldom 
built  at  present  on  account  of  the  uncertainty  in  the  stresses. 
The  compression  web  members  are  inclined  so  that  their 
upper  joints  are  one-half  a  panel  nearer  the  center  of  the 
lIu^s  than  their  lower  joints.  The  two  center  members, 
one  on  each  side  of  the  center  panel  of  the  lower  chord, 
meet  at  the  center  of  the  upper  chord.  The  main  diafi:onals 
are  tension  members  and  sloi)e  across  one  and  one-half 
panels.  The  diagonals  shown  in  dotted  lines  are  coilnters, 
and  were  formerly  inserted  in  each  panel,  although  those  in 
the  panels  near  the  ends  were  not  needed.  At  present, 
counters  are  used  only  where  they  are  actually  needed. 
There  are  in  reality  two  systems  of  web  members,  but  at 
they  are  connected  at  the  center  joint  of  the  upper  chord, 
and  as  the  counters  connect  the  compresaion  web  members 
of  the  two  systems,  it  is  impossible  to  calculate  the  stresses 
from   the  equations  of   equilibrium  without  making   sooM 
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assumption  as  to  their  distribution.  The  common  assump- 
tions for  this  truss  give  only  roughly  approximate  results. 
It  is  customary  to  divide  the  truss  into  two  systems,  as 
shown  in  full  lines  in  Fig,  33  (d)  and  (<:),  and  treat  each  sys- 
tem as  an  independent  truss  in  much  the  same  way  as  in  the 
Whipple  truss.  It  will  be  seen  that  each  system  is  unsym- 
metrical,  but  that  the  two  are  alike  end  for  end. 


71.  Chord  Stresses.  It  will  be  necessary  to  calculate 
the  stresses  in  all  the  chord  members  of  only  one  system. 
For  example,  the  maximum  stress  in  A  B,  Fig.  33  (a) ,  is  equal 
to  the  sum  of  the  stresses  in  AC,  Fig.  33  (d),  and  AB, 
Fig.  83  ic).  But,  since,  when  the  whole  truss  is  fully  loaded, 
the  stress  in  A'  B'  is  equal  to  that  in  A  B,  Fig.  33  (c),  it  is  not 
necessary  to  calculate  the  latter  stress  separately.  The  stress 
in  A  C  is  equal  to  the  moment  at  c  divided  by  the  height;  the 
stress  in  A'  B'  is  equal  to  the  moment  at  d'  divided  by  the 
height.     In  like  manner,  other  chord  stresses  may  be  found. 
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72.  Stresses  In  Main  Web  Members. — As  the  systems 
are  alike  end  for  end.  it  is  only  necessary  to  analyze  each 
system  for  loads  on  the  right  of  the  center.  The  member /I  a. 
Fig.  33  (a),  occurs  in  both  systems;  the  stress  in  it  is  equal  to 
the  sum  of  the  reactions  at  a  in  the  two  systems,  ¥'\^s.  33  (b) 
and  U),  multiplied  by  esc//,;  or,  since  the  reaction  at  a  in(f) 
is  equal  to  the  reaction  at  a'  in  {b),  the  stress  \na  A  is  equal 
to  the  sum  of  the  two  reactions  of  either  system  multiplied 
by  CSC  //,.  The  same  is  true  of  the  stress  in  A'  a'.  The 
maximum  stresses  in  the  other  web  members  may  be  found 
from  the  maximum  shears  in  the  respective  panels.  For 
example,  the  vertical  component  of  the  maximum  stresses 
xn  Ac  and  in  A' c"  is  equal  to  the  maximum  positive  shear  in 
panel  ac^  Fig.  33  {b)\  in  Cc  and  Ce,  C d  and  CV,  to  the 
maximum  positive  shear  in  panel  ce^  Fig.  33  {b)\  in  Ee  and 
E{\  iS'V  and  £"V,  to  the  maximum  positive  shear  in  panel  r/', 
Fig.  33  (^). 

Also,  the  vertical  component  of  the  maximum  stresses 
in  ^^  and  A'  V  is  equal  to  the  maximum  positive  shear  in 
panel  ab.  Fig.  33  {c)\  \n  B b  and  Bd,  B'  b'  and  B'  d\  to  the 
maximum  positive  shear  in  panel  bd.  Fig,  33  (c)\  in  Dd 
and  Df,  ly  d'  and  ZX/',  to  the  maximum  positive  shear  in 
panel  df.  Fig.  33  (r).  The  maximum  positive  shear  in  any 
panel  obtains  when  all  joints  to  the  right  are  loaded  with  a 
live  load.         * 

\  73.  stresses  In  Counters. — The  compression  mem* 
bers  F (  and  FC  may  be  considered  as  counters,  as  they  are 
not  in  action  for  full  load.  In  Fig.  33  (^),  when  the  com- 
bined shear  in  panel  f  d'  is  positive,  the  members  lyd* 
and  ry  {'  may  be  considered  out  of  action,  and  the  mem- 
bers </'i?',  £'€',€'  F,  and  Ff  in  action.  In  Fig.  33  (r),  when 
the  combined  shear  in  panel  ft'  is  positive,  the  members  ^£'' 
and  E'  f  may  be  considered  out  of  action,  and  the  mem- 
bers €^  F  and  Ff  in  action;  when  the  combined  shear  in 
panel  ^r'  is  positive,  <'  C  and  U  /  may  be  considered  out  of 
action,  and  c*  Cf,  !> d\  d'  E',  and  E'e'  in  action.  When  the 
Uve  load  extends  to  ef  from  the  right,  the  joints  d'  and  ¥, 

XJS-» 


72        STRESSES  IN  BRIDGE  TRUSSES.  PART  2 

Fig.  33  {b),  and  <?'  and  c'.  Fig.  33  (<:),  will  be  loaded.  If  the 
combined  shear  in  panel  fe'  is  positive,  the  vertical  com- 
ponent of  the  stresses  in  F£  and  F^  is  equal  to  the  shear  in 
the  panel  fe';  if  the  combined  shear  in  the  panel  f  d'  is  also 
positive,  the  vertical  component  of  the  stress  in  Ff  and  E'd' 
is  equal  to  the  shear  in  panel  f  d\  and  the  vertical  component 
of  the  stress  in  Fe'  is  equal  to  the  sum  of  the  shears  in 
panels  f  d'  and  fe'.  The  stresses  in  the  other  counters  may 
be  found  in  like  manner. 

It  must  be  understood  that  for  this  truss  the  foregoing 
method  of  calculation  is  roughly  approximate  and  is  given 
here  simply  to  afford  a  means  of  finding  stresses  in  trusses  of 
this  nature  already  built  rather  than  as  a  guide  in  designing. 
The  Whipple  truss  answers  the  same  purpose  as  the  Post  truss, 
and  is  preferable  because  the  approximate  method  of  calcula- 
tion gives  closer  results  for  the  former  than  for  the  latter. 


THE  BALTIMORE  TRUSS 

74.  Description. — The  Baltimore  truss,  shown  as  a 
through  bridge  in  Fig.  34,  is  in  reality  a  Pratt  truss  with 
long  panels,  which  are  subdivided  by  the  addition  of  short 
verticals  and  diagonals,  such  s^s  D  d  and  Dc,  intersecting  the 
main  diagonals  half  way  between  the  top  and  bottom  chords. 
This  form  of  truss  allows  the  use  of  an  economical  height  and 
inclination  of  diagonal,  without  excessively  long  panels,  and 
is  used  to  a  great  extent  at  the  present  time  for  railroad 
and  highway  bridges.  The  short  verticals  {D d,  Ff,  etc.), 
called  the  subverticals,  are  tension  members;  the  short 
diagonals  {c Dy  cF,  etc.),  called  the  substruts,  are  compres- 
sion members;  eF  also  acts  as  a  tension  member  as  the 
lower  half  of  the  counter  e F  G  when  that  counter  is  in  action. 
All  the  other  members  are  similar  to  the  corresponding 
members  of  the  simple  Pratt  truss. 

75.  Chord  Stresses.  —  The  stress  in  any  top-chord 
member  may  be  found  by  cutting  the  truss  by  a  plane  that 
intersects  the  member  whose  stress  is  desired  and  the  lower 
half  of  a  main  diagonal.     For  example,  for  the  stress  in  CE^ 
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Fiif.  34  (a),  the  truss  may  be  considered  as  cut  by  a  plane  at 
the  section  q\  then  the  stress  in  CE  is  equal  to  the  moment 
of  all  the  forces  to  the  left  of  section  g  about  the  point  < 


«•      ^ 


w     w    n 


3 V*  *»i««.'  *^ 


(h) 


f^j 


rio.  M 


divided  by  the  height  of  the  trass.    In  the  present  case. 

Pig.  84  (6), 

^  ,  i?.X4^-W^(l-t-2-H»?i»^ 
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denoting  the  panel  length  by/,  and  the  height  of  the  truss 
by  h. 

The  stresses  in  the  bottom-chord  members  a  b,  de,  fg, 
etc.  may  be  found  by  cutting  the  truss  by  a  plane  that  inter- 
sects the  member  whose  stress  is  desired  and  the  lower  half 
of  a  main  diagonal.  For  example,  for  the  stress  in  de. 
Fig.  34  {a),  the  truss  may  be  considered  as  cut  by  a  plane 
at  the  section  q;  then  the  stress  in  de  is  equal  to  the  moment 
of  all  the  forces  to  the  left  of  section  g  about  the  point  C, 
divided  by  the  height  of  the  truss.  In  this  case,  loads  at  d 
and  Z>,  if  any,  have  positive  or  right-handed  moments  about 
the  point  C,  similar  to  the  moment  of  i?i,  and  this  must 
be  remembered  in  writing  the  equation  of  moments.  The 
moment  of  the  forces  on  the  left  of  section  q  about  the  point  C  is 
not  the  bending  moment  on  the  truss  at  the  point  C.  In  the 
present  case.  Fig.  34  {b) , 

^   _  R.^lp-  WXp-\-  WXP 
^'  ~  h 

The  stresses  in  the  bottom-chord  members  be,  cd,  ef,  etc. 
may  be  most  easily  found  by  considering  the  forces  acting 
at  the  intermediate  panel  points.  For  example,  for  the 
stress  in  cd,  Fig.  34  (a),  the  joint  d  may  be  considered 
a  free  body,  as  shown  in  Fig.  34  (c).  The  only  hori- 
zontal forces  are  S,.  and  S»,  they  must  be  equal  and 
opposite;  in  other  words,  the  stress  in  cd  \^  equal  to  the 
stress  in  de.  In  like  manner,  it  may  be  shown  that  the 
stress  in  ^t  is  equal  to  the  stress  in  ab,  that  in  <•/  equal 
to  that  in  f g,  etc. 

The  maximum  chord  stresses  obtain  when  there  is  a  full 
live  load;  the  minimum  stresses,  when  there  is  no  live  load. 

76.  stresses  in  the  Subvertlcals. — The  stress  in  any 
subvertical  may  be  found  by  considering  the  forces  acting  at 
an  intermediate  panel  point.  For  example,  for  the  stress  in 
Dd,  the  joint  d.  Fig.  34  (f),  may  be  considered.  The  only 
vertical  forces  are  the  stress  in  D  d  and  the  panel  load  W', 
they  must  be  equal  and  opposite.  Therefore,  the  stress  in  any 
tubvertical  is  tension:  the  maximum  stress  is  equal  to  the  sum 
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dead  and  a  live  panel  load;  the  minimum  stress  is  equal  U 
a  dead  panel  load. 

77.  Stresses  In  the  Short  Dlagronals  or  Substrnts. 

The  stresses  in  the  short  diagonals  Bc,Dc,Fe,  etc.  may  be 
found  by  considering;  the  forces  acting:  at  the  intermediate 
joints  B,  D,  F,  etc.  For  example,  for  the  stress  in  c  Z?, 
Fis:.  34  (a),  the  joint  D  may  be  treated  as  a  free  body,  as 
shown  in  Fig.  34  (</).  There  are  four  forces  (S,,St,S,t 
and  .5.)  acting  on  joint  D;  S,  is  required;  S,  is  known; 
S,  and  Sf  are  unknown,  and  are  not  required  at  the  pres- 
ent time.  S,  may  be  resolved  at  the  print  c  in  its  line 
of  action  into  S,  and  5",,  its  vertical  and  horizontal  com- 
ponents, respectively.  If  the  point  e  is  taken  as  the  center 
of  moments,  the  moments  of  S„  S„  and  S,  will  all  be  zero. 

Then, 

I'Af  ^  S,x2p  -5.  Xp  -  0; 

whence  S,  =  -^  ^  — 

W 
and  5.  =  5,  X  CSC  /^  «  ~  esc  //,  compression 

£ 

In  other  words,  the  vertical  component  of  the  stress  in  a 
short  diagonal  is  equal  to  one-half  the  panel  load  at  the  top 
and  at  the  foot  of  the  short  vertical.  Then,  the  maximum 
compression  in  a  short  diagonal  is  equal  to  one-half  the  sum  of  a 
dead  and  a  live  panel  load  multiplied  by  esc  ///  the  minimum 
comprrssion  (except  in  e  F)  is  equal  to  one-half  of  a  dead  panel 
load  multiplied  by  esc  If.  The  minimum  stress  in  ^Z*  will  be 
discussed  later  in  connection  with  counter  eFG.  In  case 
part  of  the  dead  load  is  applied  at  the  point  A  this  must  be 
added  to  the  panel  load  at  d  in  getting  the  stress  in  c  D. 

78.  Stresses  In  the  Illp  Verticals.—- The  stress  in 

the  hip  vertical  Cc  may  be  found  by  considering  the  joint  c  as 
a  free  body  [Fig.  34  (^)].  The  forces  acting  at f  are  W,  5..  5,. 
5".,  5,.  and  5...     The  equation  2'  K  -  IS  sin  //  -  0  gives 

2  K  -  5.  -  .S.  sin  //  -  5.  sin  //  -  W  -  0; 
whence 

S*  »  S*  %m  H  -k- S*  tia  H  -k-  yy,  tension 
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S,  and  5",  are  the  stresses  in  the  short  diagonals  iff  r  and  cZ>; 

therefore,  5,  sin  H  and  5,  sin  H  are  each  equal  to  —  ,  and 

It 

It  is  thus  seen  that  Ike  maximum  tension  in  the  hip  vertical 
is  equal  to  twice  the  sum  of  a  dead  and  a  live  panel  load;  and 
that  the  minimum  tension  is  equal  to  twice  a  dead  panel  load. 

79.  Stresses  in  the  Main  Diagonals. — The  stress  in 
the  lower  half  of  a  main  diagonal  may  be  found  by  consid- 
ering the  portion  of  the  structure  to  the  left  of  a  plane  cutting 
that  member  and  two  chord  members.  For  example,  for  the 
stress  in  De,  Fig.  34  (a),  the  truss  may  be  cut  by  a  plane  at 
the  section  q.  The  vertical  component  of  the  stress  in  the 
diagonal  is  equal  to  the  shear  on  the  section.  The  stress  in 
the  end  post  is  compression;  in  the  other  diagonals,  it  is  tension. 
The  maximum  stress  in  the  lower  half  of  a  main  diagonal  to 
the  left  of  the  center  is  equal  to  the  maximum  positive  shear 
multiplied  by  esc  H\  the  minimum  stress  is  equal  to  the 
minimum  shear  multiplied  by  esc  H,  when  the  minimum  shear 
is  positive.  When  the  minimum  shear  is  negative,  a  counter  is 
required,  and  the  minimum  stress  in  the  main  diagonal  is  zero. 

The  stress  in  the  upper  half  of  a  main  diagonal  may  be 
found  by  considering  the  forces  acting  on  the  portion  of  the 
structure  to  the  left  of  a  plane  of  section  that  cuts  the  upper 
half  of  that  diagonal,  a  short  diagonal,  and  two  chord  mem- 
bers. For  example,  for  the  stress  in  EF,  Fig.  34  (a),  the 
portion  of  the  truss  to  the  left  of  section  r  may  be  considered 
[see  Fig.  34  (/)] .  The  equation  2'  F  =  2'  5  sin  //  =  0  gives 
IY=  R,-^W-S,^s>mH  -  5„  sin  /^  =  0; 

whence 

6*1,  sin  H  =  shear  on  section  r  —  5*,,  sin  H 

Sit  is  the  stress  in  the  short  diagonal  eF,  and  is  equal  to 

one-half  the  panel  load  at  /  multiplied  by  esc  H.     Then, 


Sit  sm  ^  =  — 


and 


S„  =  ( shear  on  section  ''  ""  tt  )  X  esc  ff 


I 
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In  other  words,  the  stress  in  tfu  upper  half  of  a  main  diagonal 
is  equal  to  the  algebraic  sum  of  the  shear  in  the  panel  in  which 
the  member  is  located  and  the  vertical  component  of  the  stress  in 
the  short  diagonal,  multiplied  by  esc  H. 

The  maximum  stress  m  B  C  obtains  when  the  truss  is  fully 
loaded,  and  is  compression;  the  vertical  component  of  the 
stress  is  equal  to  the  shear  in  the  panel  be  plus  the  vertical 
component  of  the  stress  in  Be.  (The  load  at  b  increases  the 
vertical  component  of  the  stress  in  >?Cby  \\  W  —W  •\-S  W 
»=  tV  ffO.  The  minimum  stress  obtains  when  there  is  no  live 
load  on  the  truss. 

The  maximum  stress  in  CD  is  tension,  and  obtains  when 
all  the  joints  from  dlo  b'  are  loaded  with  a  live  load.  (The 
load  at  d  increases  the  vertical  component  of  the  stress  in  CD 
by  -^  W  —  ^  W  =  ^  W.)  The  minimum  stress  obtains 
when  joints  b  and  c  are  loaded  with  live  load. 

The  maximum  stress  in  EF'\s  tension,  and  obtains  when  all 
the  joints  from  f  io  b'  are  loaded  with  live  load.  (The  load 
at  /  increases  the  vertical  component  of  the  stress  in  £F  bj 
•hiW  —^  W  =  tVH^.)  The  minimum  stress  obtains  when 
all  the  joints  from  ^  to  ^  are  loaded  with  live  load. 

If  the  minimum  combined  shear  in  panels/  is  positive  and 
greater  than  a  dead  panel  load,  the  shear  in  panel  fg  will  also 
be  positive,  and  the  main  diagonal  gFE  will  be  in  action. 
The  stress  \nE  F\^  then  equal  to  the  shear  in  panel  ef  minus 
one-half  of  the  dead  load  at  /,  multiplied  by  esc  H.  If  the 
minimum  shear  in  the  panel  ef\s  nes:ative,  or  positive  and 
less  than  the  dead  load  at  /,  the  shear  in  the  panel  fg  for  the 
same  loading  will  be  negative,  and  the  member  FG  will  be 
in  action  as  a  counter.  Under  this  condition,  the  stress  in 
the  lower  half  of  the  main  diagonal  gF  will  be  zero,  and  the 
members  that  are  in  action  at  joint  F  will  be  those  shown  in 
Fig.  34  {g).  It  will  be  seen  that  the  stress  in  EF  is  thus 
equal  to  one-half  the  dead  load  at  F  multiplied  by  esc  ff-,  this 
is  the  minimum  stress  in  E  F,  and  is  tension. 

80.  StresflieM  111  the  Coiintem. — The  stress  xn  e F  \%  a 
minimum  (maximum  tension)  when  the  live  load  exteadt 
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from  b  to  e.  If  the  combined  shear  in  the  panel  ef  is  then 
negative,  the  stress  in  e  F  is  tension  and  equal  to  the  shear 
plus  one-half  the  dead  load  at  /,  multiplied  by  esc  H.  If  the 
combined  shear  in  panel  <?/  is  then  positive  and  less  than  one- 
half  the  dead  load  at  /,  the  stress  in  e  F  is  tension  and  equal 
to  the  difference  between  one-half  the  dead  load  at  /  and  the 
shear  in  the  panel  ef,  multiplied  hy  esc  H.  If  the  shear  in 
panel  <?/  is  positive  and  greater  than  one-half,  but  less  than 
a  full,  panel  dead  load  at  /,  the  stress  in  e  F  \s  compression 
and  equal  to  the  shear  in  the  panel  ef  minus  one-half  the 
dead  load  at  /,  multiplied  by  esc  H. 

The  maximum  tension  in  FG  is  equal  to  the  maximum 
negative  shear  in  the  panel  /^  multiplied  by  esc  H,  and 
obtains  when  the  live  load  extends  from  b  to  /.  The 
minimum  stress  is  zero. 

81.  stresses  in  the  Verticals. — The  maximum  stress 
in  Gg  is  compression,  and  is  equal  to  the  vertical  component 
of  the  maximum  stress  in  FG  plus  the  dead  load  at  G,  if 
any;  the  minimum  stress  is  zero,  and  obtains  when  the 
counters  FG  and  F'  G  are  out  of  action.  The  maximum 
stress  in  Ee  is  compression,  and  is  equal  to  the  vertical  com- 
ponent of  the  maximum  stress  in  EF;  the  minimum  stress  is 
equal  to  the  vertical  component  of  the  minimum  stress  in  EF. 

82.  Modified  Baltimore  Truss. — Fig.  35  shows  a 
modified  form  of  the  Baltimore  truss,   in  which  the  short 


diagonals  (exceptor)  are  attached  to  the  upper-chord  joints, 
and  are  tension  members.  The  general  method  of  analysis 
is  the  same  as  for  the  truss  already  treated. 

83.     Deck  Truss. — When  used  in    a   deck  bridge,  the 
Baltimore   truss   may  be   supported  as  shown  in  Fig.  36. 
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In  this  form,  the  subvertfcals  bB,dD,  etc.  arc  ccmpression 
members,  and  the  short  diagonals  Bc^De,  etc.  are  tension 
members.  The  general  method  of  analysis  is  the  same  as 
for  the  through  truss. 

84.     Distribution  of  Dead  Load. 

If  the  dead  load  is  assumed  to  be 
divided  between  the  loaded  and  un* 
loaded  chords,  two-thirds  of  a  dead 
panel  load  may  be  taken  at  the  joints 
of  the  loaded  chord  {b^c^d,  etc.),  one- 
third  at  the  joints  of  the  unloaded 
chord  (C,E,  etc.),  and  one-third  at  the 
intermediate  joints  ( B,  D,  etc. ) ,  although 
the  latter  are  not  on  the  unloaded  chord. 
In  the  preceding  discussion,  it  was  as- 
sumed for  convenience  in  explanation 
that  all  the  dead  load  was  applied  at  the 
joints  of  the  loaded  chord.  The  actual 
stresses  in  the  verticals  will  be  slightly 
different  if  the  dead  load  is  distributed 
among  the  several  joints;  the  stresses 
in  the  other  members  will  remain  the 
tame. 


Ns 


5»'    'fc 


EzAMPLS.— Let  Pig.  36  be  a  fourteen-panel 
deck  Baltimore  truM  having  a  span  length  of 
210  feet  and  a  height  of  30  feet.  If  the  dead 
load  u  1,200  pounds,  two-thirds  of  which  is 
applied  at  the  loaded  chord,  and  the  live  load 
is  2,400  pounds  per  linear  foot,  what  are  the 
maximum  and  minimum  stresses  in  all  the 
members? 

SoLtrrioN.— /*fl«//  Loads  and  Reactions. 
The  dead  panel  load  is' 

ii~?  X  15  -  9.000  lb. 

of  which  6,000  lb.  is  applied  at  each  of  the  joints  b,  c,  d.  etc.;  8.000 IL. 
at  B,  D,  F,  etc.;  and  3,000  lb.  at  C,  E,  G,  etc.    The  dead-load  reaction 

ia  equal  to 

»:290X_13,„^,^^ 


:^'' 
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The  live  panel  load  is  equal  to 

^^  X  15  =  18,000  lb. 

and  the  reactions  for  a  fully  loaded  truss  are  each 

i^OOX  13  ^117^000  lb. 

Chord  Stresses. — As  the  loads  of.  6,000  lb.  at  b,c,d,  etc.  are  ver- 
tically over  the  loads  of  3,000  lb.  at  B,  C,  D,  etc.,  the  moment  of 
6,000  lb.  at  an  upper  joint,  plus  the  moment  of  3,000  lb.  at  a  lower 
joint,  about  any  point  will  be  the  same  as  the  moment  of  9,000  lb. 
about  the  same  point.  The  minimum  stresses  in  the  chords  are  the 
dead-load  stresses;  they  are  as  follows: 

Member  Dead -Load  Stress,  in  Pounds 

A  A.  58,500  X  15 

ab.bc , r^ =  +    58,500 

15 


[58,500  X  4  -  9,000  (3  +  2)]  X  15 
ca,  ae 57; =  -v 


30 


94,500 


-  .                     [58,500  X  6  -  9,000(5  4-  4  -f  3  -f2)]  X  15         ,   ,,9  .^n 
efjg -•- go =  -h  ii^.ouu 

h         [58,500  X  8  -  9,000  (7  -f  6  -f  5  +  4  +  3  +  2)]  X  15  ^  _^  ^^2  500 

^  P                                            (58,500  X  2  -  9,000  X  1)  X  15  _ .  ___ 

^^ 30  ~  ~    ^^'"^ 

E  G  [58,500  X  4  -  9,000  (3  +  2  -f  1)]  X  15  ^  _    qq  qoo 

G  G'  [58,500  X  6  -  9,000  (5  +  4  -f  3  -f  2  +  1)]  X  15  ^  _  108  000 

As  the  total  panel  load  is  equal  to  18,000  lb.  live  load  plus  9,000  lb. 

dead  load,  or  27,000  lb.,  the  maximum  chord  stresses  are  equal  to  the 

27  000 
dead-load  stresses  multiplied  by  -q-krcy.  or  3.     They  are  as  follows:  - 

Member  Maximum  Stress,  in  Pounds 

ab,bc  -f   58,500x3=4-175,500 

cd.de  -f    94,500  X  3  =  -}-  283,500 

ef,fg  +  112,500  X  3  =  -f  337,500 

gh  -f  112,500  X  3  =  -I- 337,500 

CE  -    64,000  X  3  =  -  162,000 

EG  -    90,000  X  3  =  -  270,000 

GC  -  108,000  X  3  =»  -  324,000 
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IVt6  Stresses. —ThB  dacd-load 

ihears  in  the  various  paoels  ara 
as  given  in  the  following  table: 


Dead- Load 

Dead-Load 

PUMl 

Sbear 

PUMl 

Shear 

Pooads 

Pooads 

a6 

+  58.500 

ef 

+  33.500 

be 

+  49.500 

fg 

+  13.500 

ed 

+  40.500 

gh 

+    4.500 

de 

+  31.500 

The  maztraum  positive  and 
negative  live-load  shears  are  aa 
follows: 


Pud 

PoalHve 

Uve-Load 

Shear 

Netratire 

Uve-Load 

Shear 

Poaods 

Pounds 

ab 

+  117.000 

be 

+  100.300 

—    1.300 

cd 

+    84.900 

-    3.900 

de 

+    70.700 

-    7.700 

ef 

+    57.900 

—  13,900 

fg 

+    46.300 

-  19.300 

gh 

-f    36,000 

—  37.000 

The  maximum  and  minimum 
combined  aheani  are  aa  follows: 


Panel 

Combiaed  Shear 

Masimuai 

Mlalninm 

fg 

gt» 

+  175.500 
+  149.800 
+  135.400 

+  I03.300 

+    80.400 
+    59.800 
+    40,500 

+  58.500 
+  48.300 
+  36.600 
+  33.800 
+    9.600 

-  5.800 

-  as.se. 
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■^30'  +  30' 
From  the  figure,  csc^  = ^ =  1.414.     The  maximum  stress 

ind^.afZ?,  etc.  is  18,000 +  6,000  =  24,0001b.,  compression.     The  miri- 

mum  stress  in  d  B,  d D,  etc.  is  6,000  lb.,  compression.     The  maximum 

stress  in  B  c,  D  e,  and  F g  is 

/18,000  + 6,000 +  3,000\       ,  ,,,        ,^  ,^^  „ 

\-^ ^-^ — =!— ^ — j  X  1.414  =  19,100  lb.,  tension 

The  minimum  stress  in  B  Cy  D  e,  and  Fg  is 

/6,000  +  3,000\       ,  ,,,        .  .^^,. 

{- ^— ^ j  X  1.414  =  6,400  lb.,  tension 

The  maximum  and  minimum  stresses  (tension)  in  aB,  c  D,  e /■ 
end  gH  are   as   folows: 

Member  Stress,  in  Pounds 

Maximum  Minimum 

aB  175,500  X  1.414  =  248,200  58,500  X  1.414  =  82,700 

cD  125,400  X  1.414  =  177,300  36,600  X  1.414  =  51,800 

eF  80,400  X  1.414  =  113,700  9,600  X  1.414  =  13,600 

gH  40,500X1.414=    57,300  4,500x1.414=    6,400 

The  maximum  and  minimum  stresses  (tension)  m  B  C,  DE,  FG^ 
and  G  H  are  as  follows: 

Member  Maximum  Stress,  in  Pounds 

B  C  (175.500  -  27,(X)0  +  13,500)  X  1.414  =  229.100 

DE  (125,400  -  27,000  +  13,500)  X  1.414  =  158,200 

FG  (80,400  -  27.000  +  13,500)  X  1.414  =    94,600 

GH  (22,500+    4,500)  X  1.414  =    38,200 

Member  Minimum  Stress,  in  Pounds 

BC  (58,500- 9,000  +  4,500)  X  1.414  =  76,400 

DE  (36,600-9,000  +  4,500)  X  1.414  =  45,400 

FG  (9,600  -  9,000  +  4,500)  X  1.414  =    7,200 

GH  0 

The  maximum  and  minimum  stresses   (compression)  in  Cc,  Ee, 
and    Cg  are   as   follows: 
Member  Stress,  in  Pounds 

.  Maximum  Minimum 

Cc      162.000-3,000  =  159.000  54,000-3,000  =  51,000 

Ee      111,900-3,000=108,900  32,100-3,000  =  29,100 

Gg       66,900-3,000=    63,900       4,500  +  6,000  +  4,500  =  15,000 
The  maximum   and   minimum   stresses  are  given  in   Fig.  37,    the 
former  above  and  the  latter  below  the  lines. 


EXAMPLE    FOB    PRACTICE 

Let  Fig.  34  (a)  be  a  twelve-panel  through  Baltimore  truss  having 
a  span  length  of  216  feet  and  a  height  of  36  feet.  If  the  dead  load  is 
1,200  pounds,  of  which  two-thirds  is  applied  at  the  loaded  chord,  and 
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the  live  load  if  2,200  poondt.  per  linear  foot  of  bridge,  find  the  nuuri> 
mam  and  miuiraam  combined  stresses:  (a)  in  CE,cd,  and  /jr,  (b)  io 
Dd  and  Be;  {c)  in  B  C,  CD,  and  £ F;  (</)  in  eF,  £e,  and  Cf. 

Strsss.  n«  Potntos 

Maximum   Minimum 

+  244.800        +  86.400 


Ans. 


Panbl 

{C£ 

(a)    cd 


(0 


(d) 


Dd 
Be 

{BC 
CD 
£F 

{eF 
Ee 

[Cg 


-  i68.aoo 

-280.100 

-  27.000 
+  21.fi00 
+  216.900 

-  136.800 

-  66.600 
+  21.000 
+  60.700 
+  22,900 


-59.400 
-91.H00 

-  7.200 
-»-  7.600 
+  76.400 
-88.800 

-  7.800 

-  8  100 
+  9.0(J0 
+    3.600 


THE  riNK  AND  THE  BOLLMAN  TRUSS 

85.  Fie:.  38  shows  the  Fink  truss,  which  has  been  ased 
to  some  extent  for  bridge  purposes  in  the  past,  and  is  at 
present  employed  in  a  modified  form  for  roof  trusses.  The 
analysis  of  stresses  in  it  should  present  no  difficulty;  the 
method  of  joints  is  best  adapted  to  this  case.  The  stress  in 
each  short  vertical  is  evidently  equal  to  the  panel  load  at  its 
upper  joint.     The  vertical  component  of  the  stress  in  a  short 


^  C  D  B  D  C  B 


« 
Pio.  M 

diac:onal,  such  as  Cd,  is  equal  to  one-half  the  sum  of  the 
loads  at  the  joints  D  and  d.  The  stress  in  the  vertical  Cc  is 
equal  to  the  sum  of  the  vertical  components  of  the  stresses 
in  ^  C  and  Cd,  and  the  load  at  C,  etc.  The  maximum  chord 
stresses  obtain  when  there  is  a  full  load;  under  this  condition 
the  horizontal  components  in  bC,  d E,  and  d^  C  are  equal, 
respectively,  to  those  in  Cd,  Etf,  and  C  t/,  and  the  com- 
pression in  the  top  chord  is  constant  from  A  to  A'  and  equal 
to  the  horizontal  component  of  the  stress  in  A  b. 
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STRESSES  IN  BRIDGE  TRUSSES,  PART  2 


86.  The  Bollman  truss,  shown  in  Fig.  39  (a),  has 
been  used  to  some  extent  for  bridge  purposes  in  the  past, 
but  is  now  practically  obsolete.  The  load  that  came  on  the 
lower  joint  of  a  vertical  was  carried  directly  to  the  ends  of 
the  top  chord  by  the  two  diagonals,  shown  in  full  lines,  that 
meet  at  the  bottom  of  the  vertical.     The  bottom  chord  and 


B 


D 


E 


D 


(a) 


b' 


(b) 
Fig.  39 

the  dotted  diagonals  are  superfluous  members,  and  were  put 
in  to  stiffen  the  truss.  As  shown  in  Fig.  39  (d),  the  vertical 
components  of  the  stresses  in  the  main  diagonals  are  equal, 
respectively,  to  the  reactions  due  to  the  load  that  comes  to 
the  intersection  of  any  pair.  The  stress  in  the  top  chord 
is  compression,  and  is  equal  to  the  sum  of  the  horizontal 
components  of  the  stresses  in  all  the  main  diagonals  at  one 
end  of  the  truss. 
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